DESIGH

{ OF Ku-BAND AXIAL NIODE
HELICAL ANTENNA

8Y

ILIYA, SOLOMON ZAKWGOL
{WMLENG./SEET/2007/186Y9)

ENGINEERING

FEDERAL UNIVERSITY OF TECHNOLOGY, MINKA

DBECENMBER, 2070



AN

TENE

8Y

F 1

HIYA, SOLOMON ZAKWOL
{(MLENG./SEET/2007/1869)

&4 THESIS SUBMITTED TO THE POSTGRADUATE SCHOOL M
PARTIAL FULFILMENTY OF THE REQUIREMENTS FOR THE
AWARD OF M.ENG. IN COMMURKICATION ENGINEERING
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGIKEERING

FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA

DECEMBER, 2010



BDECLARATION

o v . ;

. Ly Fo e e, [V I b Fopfir e
vion of  Ku-band axicd swsde helicad

v roo and has

T
| odeohare that this

never beer prasented elsewhers for the award of o Master Degrev. B is the result of my own ressarch

iyate

Hiva Solo




CERTIFICATION
This thests ttded “Desige of Ru-bead axind mode helical aniennd” by Hiva Solomon Zakwol
{MUEMG/BREET/ 2007180659 meets the regulation governing the award of the degres of Master of

Eomnesring (M Eng) of the Federal University of Technology, Minng and & approved for s

comtvibution to scientifie kuowledge and erary prosentation,

apr (D Y A Adedivan

Sopmrvisor Signature & Date

<

Engr AL Ragl :
Head of Departmeng signature & Date

"5

Engr. Prof MS. Abolarn
Trean, REET

Prof {(Mrsy 8§ M Zubairu
Taenn, Postgradaste Schonl




ACKNOWLEDGEMENTS

dd fike o express my profound gratiiude and epproviation o my supervisor. BEogr. Deo YA

s aid o

Adediran, for bis guidance in the ox s work, for kesping me on my

gapeoiaily gratetul for all the help and support he provided during the course of

o thank the fnflowing people for thelr various contributions

of deparsment of Eleetrical and Co

deparbment’s tean of infornal exami Pownweuka ;) Bngr O

for the wdvice an

by the team of project presentation ass

during the and the entire staff of the Elects

departiment,

ingineering, Profl O Usifo. for his support

- O Chuiow, tor patienthy proot reading this thesis,

appreciation to the managemsnt and stafl of the Federal Unbversity of

1

esvvivemment given (o me in the course of my study and fo the

for ihe enabl

staff of the National Space Research and Devclopment Agenoy (NASRDAY for

management

e on this research waork,

M i 3 P
SROASCHNE i 51 RS HAR e S

wr thank my family for jus

ey

heing there, giving me the strengih and

oy

. basf ot the least, woukbd like

the moch needed moral suppot




ABSTRACY

antonng - much higher frequencies have been g very challer
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CHAPTER ONE
1.6 | INTRODUCTION

§.1 Antenna

An antenng is delingd a3 the stracture associaied with the region of mansition beteesn o

LERs

guided wave and a “fee-space”™ wave, or vice versa. The adjectve

guodation suek because o practice there always 18 aome Wternction wi

ALY }i‘w (%31 'zm @i !Li JJE

01 transmission, 4 wienng sece s en

fend wave and semds it dowy

andd, on reception, wath

fne {Hoboson, 1993]

A farge variety of antennas have boen developed o date; they range from simple stracture

shoas monopoles and dipole o complex strucnires such gs phased @ The panicolar

type of antenna selected for a cortain application depenuds upo

il mivieor e
SHOC G L aienha

ciogivien! and mechanicall and, fo g les

s of antenna type, all fovolve the same basic principle that radiation is

angzinest. Regard

produced by accolerated {or decelerated) ohs

b addiiion 1o recebv CansHing onergy, an antenna in an advanced wireless system is

o aecentuate the radistion energy i some divrections and

usnathy roguired

suppries i in others, Thus the antenna maest also serve as o directional device i addition 1o g

probing device, It must then mhe various fonme fo meel the particudar need gt hand, and

may e oa pece of conducting wire, an aperfure, 9 pateh, mn assembly of elements {array), 2

reflector, a fens, and o forth.




For wireless comnunication systems, the sntenna is one of the modt critieal components: a

good design of the antenna can relax System reguirements and Improve oversil system

performance. A typioal example s the television (V)Y system for which the overall broadoast

v
H

reception can be improved by utifizing a high-performance antenns

The anternna serves (o a communication system the same purpose that eves and eveglasses

serve to homan, The feld of antennas is vigorous and dynamic, and over the last 60 vears

apdenng wohnology has been an indisponsable partner of the vommunications revolation,
My maor advances that ocourred durfog this period are in commeon use today: however,

mapy more issues and challenges are facing us todav, copecinlly since the demands for

i PROTIABOES B eVen areaisr.

134 Tvpes of Anfenna

3
ic
s

They range from simple

IO Are inany t}";'_’?ﬁ,’:‘,i of aptenna de

include wire anlonnas, aperiug

P monopoles o coraples structured antennas, T

anfennas, microstrip antennas, sy antenpas, reflector antennas and lens antennas, Others

tnchude swiellite antennas, beacon antennas, earth station antenna, conformal and loweprofile

antennas, their choice depending on the applica

111

Nana

Antennas deploved for satelinie covomunications are high gaio and divectional, U

i of vabin astenuation.

¢ anienng compe

especially in goographic regions wheee rainfall is bigh,




{a}y  Wire Anfennas

Wire antennas are famifiar to the lavman becasse thoy are seen virtually eversywhere - on

automntilzs, butldings, ships, aircraf,

og of w

antennas such as o straight wire (dipols), Joop. and helix. Loop antennas need not ondy be

ctreutar. They may take the form of 2 rectanute. s quare, effipse, or any other configuration

The circular loop §s the most common becase of 8 COnSEOcion,

{b}  Aperture Antennas

¢ thun in the past becauss of the

svears fod

Aperture antennas may be more familiar 1o the &

mereasing demand for o d forms of antennas and the uii

ation of bigher

frequencies. Antgnnas of this type are very uselul for aireraft and spacecrall applicatic

becauss they can be very conventently flush-mounted on the siin of the airerafi or spaecorafl,

In sddition, they can be voversd with a diclectric material 1o profect them from haeardous

coenditions of the environment [Balands, 20651

{0} Microstrip Anfennas

sateh on g gromnded sebswate, The metallic paich can

sty and el

ay f)éti()'i“ 5 are he most "?{?gflilgc‘f

hocguse of ease of anslysis and fabrication, and thelr ativactive radiation charcteristivs 5,

especially low o atbon raddintion, The mivrosirlp antennas are fow  profile.

formable to planar and non planar surfaces. o pensive o fabricate using

%

cilern printed-circelt wehnology, mechanically robust when moanted on rigid surfaces.

COMpE with Microstrip Monolithic Integrated Clrouis (MM designs, and very versatile

[N




in terms of reaonant Fequency, polarization, pattern, and impedunce. These antennas can ha

mognted on the surface of § Bigh-performance atroeafi, spacecrail, sateliites, missiles, cars, and

dobils telephonss,

{dy  Array Antennas

Many applications require radistion characteristios that may ot b achisvable by a si

cloment. It may, howsver, be possibile that an aggregate of radiating elements in an sleciricnl

ard geometrical arrangoment (o

arrayy will result in the desired radiation character ixtios.

roay be such that the radiation fom the elements adds up ko give a
vadiation suaximun in o particular direction or divectio somintnan in others, or otherwise as

desired.  Ususily, the term arvay 13 veserved for an anungement in which the individual

o However, the same term is alse osed 1o describe an assembly of

rachistors mounied on a continuous structure {Balanis. 20097,

{¢; Reflector Antennas

s in the exploration of ouler space bas resalied in the advancoment of antenna

b

The sucps

sheory. Becanse of the need to communicate over great distances, o fforms of

antermas bad o be ased inorder 10 ransmit and recelve signads that had o fravel millions of

Ritometers, A vory common sotenna formy for such

an applivation is a parsbolic reflecio

been built with diameters av large as 305 . Such farps

chieve the high gain required to transmit or receive signa)




e

mitiions of kitometers of travel, Another form of a reflector, alihough vot as conunon as the

parabolic, i the comer reflector |

{7  Lens Antennas

Lenses are primarity used to vollimate incidens Jdivergent energy 1o preverd it from spreadiog

in undesived divections. By properly shaping the wromeirival configuration sad choosing the

&

approprisie material of the lenses, they can trausform vavious forms of divergent ensrgy piio

plane waves. They can be used in most of same applications as are the puarsbolic

tes, Their dimensions angd weig ¢ exceedingly

eoiors, gapecially at higher 6

they are consiracted, or according o their geometrical shape,

1.8, Basiec Antenung Pargmeters

hasic equation of radiation of sntennas is expressed as

-
o

ty
[y

Pies 04 (1.5

&
4 g e
i e (i.4}

= yie-changs of corrent 4

unth of carrent eloment |

'
ot

¥ = fime change of velocity whish equals the acceleration of the charge (o™




radiation occurs in time changing currant as

coiorated charge. For sieady
siate hoarmonic varlgtion, foous is Jald on current while

st of puises foons i laid
on chargs. Anienuas appenr o the fransmission Hoe from the clroult pobnt of view as radiation

resistance K

PN

This vesistance is not velated o any vesistangce in the antenns itself bot is g
resistancs coupded from space o the antenna woninals.

Daring fransmission radinted power is absorbed by distant oby

B

ta such oy frees, butidings.

the ground, the sky, and other antennas. During reception passiy

aciation from distant

37

gots o active rvadiation from other antennng mises dhe apparent femperaiure

ot the
rhiation rea

=351

CThis temperansre, for foss foss ante

18 has nodldng o do wih the
physical temmperatyre of

Tige

g

atenng el but velated o the temperature of distant obleel(s)
that the antenna 18 facing

2Ead.
=

S Fhe Helical Andenns

yths afier braus joined the Feoulty at Obie State Univarsity, he attended
ap aflermoon lecture on travellingewave tubes by a famous scientist (Dr. Pagl Haines) who
was visiting the campus. An oles

tron bear svas fired down the inside of 2 long wire heliy for
apaptification of waves wraveiling along ¢

o small fraction of a wavelength in dineter and acts as 8 guid

Adter the lecturs, Kraus u\}/u% the visitor i be thoughy o beliy could be veed as an antenna o
which the visiior rephied in the negative. The finality of his apw

oset Braus ingg thivking, I

sl




the helis were lareer in dineter than inoa travelling-wave tube, he el that o would bave @

radiaie in same way. He thorefors detenmined o fnd onl

That ovening in the basement of Bis home he woond a 7-turn helical cotl of wire one lambda
1 cirepmirence and fod ¥ via voaxial Bine and ground plane from his 12 om oseillator, I3 was

sd that i produced 2 sharp beam of circulardy polarized radiation oft Hs open

vt Jarger and smallor dinmeters, noting Hutle change in

vever rosulted in sharper bowms, Although bis invention

tzed then that much work would bo reguired o fully

undersiand this remarkable antenna,

Helical antonna vonsists of a singde conductyr or multiple comductors wourl into & helical

shape, Although g helix can radiate in many modes, the axial mode 18 of interest in thix work.

The axial mode provides maxing

n vadiation along the helic axis, which cecurs when the

sumforencs 15 of the order of one wavelength, Higher order radistion modes are also

-,
p
-
-~
2
]
X%

example, when the helix dimensions exoped the

s required for the axigl mode, 5

witi-lobed pattern will result, Mo

setical antennas are designed {0 operate st

»,

= oand C-hand |

S

A GHz and § GHe Bing the applications to WLA

helical antenpas are wound with a single conductor. However, a helix can be

with biftiar, quadrifiar, or roultitiler windings. An advaniage of the backfire helix is

= pot generally requirs a grounst plane becsuse 1 minbmizes blockage effeny an

~
H
3

inproves reflsctor-antenna effic

v flohnson, 19931

~od




L2.1 Types of Helical Auntenna
The helix f2 2 basic three-dimensional geometrie form. A helical wive on 2 uniform cyvlinder
becoraes a straight wirg when unwound by rolfing the oviinder on a Bat surface. Viewed end-

&

on, & helix projects as a clrcly; thus, # combines the geonetric froms of a straight line, &

circle and 2 cylinder. fnoadidition, i also has handedness; it can cither be left — or right-handed

;_ LPEHS dﬁd ﬁgu hv \f,q M\}{agé

There are pwi basic modes of propagation in helical antennas: the axial reode, and the normal

mode. The axial wode bnplies that the gain s magimum alonyg the axis of the helix, while the

bel

aormat mode simply means thet the gain is wadl along the axis of the helix, Various forms of

P

sptennag are enumerated in the following paragraphs.

{ay The Quadrifilar Helical Antenna

+

iy as volute anteruia, consists of two arthogonal fractional-tum {one-

The antenna, als

fourth to one-turn} bittlar helices exvited In phase guadsature, Fact

at the top, and the helival arms are wives or metallic strips of resonant length wound on &
soalt diameter, and has a large plich angle. The ends of the helices are open-chrouited af the
base when m, being the order of wansmission, s odd and shorecircuited when m is even.
When properly exciied, the vohite produces a veory fwoad heamnwidth with relatively low

backiobes and good sxial- ratio characteristics over o wide apgulor ranze. Since the volute is

than

a resonant struchure, the hopedance bandwidih i narrow, Typivally, the VEWER is |

2 over a 3 to 5 percent bandwidth, Genevally, o wider handwidth can be achizved with

targer-dunoeter wirgs for a given helix design, Although it is commonly used as a spacecrafl

el




arteng, the quadeifilar b

R

foo can also make an oxeellent g

md station antenna. Fig, 1

shows g schemaiic of the volute antenna,

RCTRERTEY: ]

e

ole antonna
{1y Measured pattern gt $REMHz {Johason, 1993}

Fio, 1 {ay Halfwrm, halfw dwioz oth v
T

3

{b} The Spherical Helix Antenns

onal el aptenna conalsts of o helical winding on a ovlindrics! surface. Safaai-

Fazn and Cardoss {1990) proposed a helical antenna that is formed on o spherieal serface. The

spherica belin consists of a helical winding with constant spacing between tums formed on s

wir study indicaied that the spheneal heliy has some inferss

spherical surface,




woperties thay are distinctly different from conventional helices over the ranve, Where the
e A

siroumiderence of the spheve O Hes bevween 8737 and 2,04, the spherical helic radiates in an

endfive mode prodecing ciouln polarization, The gain of the anienpa does nnt vary

g

stgrticanddy with the number of turms used, enlike a ovlindrical helix. The volume of the
antenng is being heid constant.

The anique characteristics of the spherical helix suggest that b might be g good vandidate for

o fow carth orbiting (LEO) satellie systems. Cirealar polarization

wae a5 o mobile antenna

over g broad beamwidtl is highly desired but sorely lacking characteristic in currens antenng

designs ased in LEC o

ot s SRR,
- o -
R e i,
/ Prvertc N
e
e A wrre 200088
7 A
Lot il s oo "m:»»'-“‘”””\
et e
J A o i A 2 O A A,
Ié.x;;:.‘;'u Kewes a2 3
“_o,..mu e e e M;,;ww"‘“;
L4 AP ;
| QAT Mo i s 2t 22T

cal helik amtonnas with ground plane

{£y Lig-Fag Antenna

imagine a traditional helical strucnve that s Haoened nio s planw strec

Fig 13, ¢

wiyhd be g wire amtenna formed in g zig-zag pattern, g5 shown in

AiCng 18

st investigated this anteuna strucire followed b

xial be

B

Hng wave antenna that, when properly de

# formoof traved S

ig




with very fow side lobes, The gain of the amtenns is a function of the Vee length {28}, the

H}ii\.du. ¢h<3{ n&’ ‘72*“‘

5, and the mumber of Vee's, Resulls roporied by 5

nased on the peliorn behs

3

zag antenng has o yssble bandwidth of approximately 1%

operating frequency s approximately 196 above the centor frequency of the

b

antenng, 13 pattern forms a split beam with 2 null on g similar w an axial mode heliy

operated in 1S second maode.

e-fobe characterisues of the Zig-wag antenna are comparable 1o

¢ length, but with &

N

aaivre of the antenna. The polarization of the 7 sienna iv Bnear, as would be expected

e arvay. Sengupia’s ivestigations were prompied by the desire 10 use the

'_:(if?.." H

cangnna bta VHE mdic-telescope army that was budh at the Undversiy of Toronio.

This antenna has | its features

T high gain, simple constrection.

el
=
o
-y
3
Iy
£
-~
-
{'T.
-
hod
e
%
e
S
v
o
[
w
<
~
Lo
e
o
o3
pive
-
S

Fig, .30 Dlagrun showing the 2ig-zag antenna with feeding smrangoment
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(ady  The Helicone Antenng

rye
H
EY

o
gt
e
(22
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=~
(4]
o
I
o3
et
foucd
o
i
o
(49
4
joect
joed
fae)

i5 o tull size helival antonna placed inside o large ovlindrical borm,
helivone was doveloped by Carver as a varistion of the helix with extremely low back- and

de-lobes and inorgased divectivity over a stand-alone belix, The helicons's bundwidth and

sxisl rutio properies are superior 10 those of a conical bom fromy & ciroularly

palarized waveguide oparating in the TEH moda

The tmpedance behavior of the helicone is very similar w that of the helix alone, being

oredominately resistive with a smsll amount of resctance across the operating bandwidth,

The exiremely tow back- and side-lobe level of the helicone makes it an mtractive choldce for
meio astrovomy  whers nolse from the wamy carth can ndrease the anfenng noise

wwmperature, Dog o the low side-lobe levels, mutual coupling is mintmal, Thus, osing

i arvay would be relatively straight forveard [Bars, 20031

{40 The Helicone antenna




i.2.2 Some Helical Antenna Parameters

I

P antennas arg characterized by the ollowing parametors:

(]

:

&
k4

e
Fag]
N

Fig. Lo Right Angle triangle showing the pavamerers of the balix

£

b2
iF

P dhmmeter of helix

{C=cirenmtersnce of hely
S=spacing betwesn tans in free space wavelengths {center 1o conter)
= vl angle tan

sarnher of furns

{I=Normshized axizl fongth of heli =A8

= dimmeisr of helix condoctor




§.2.3 Features of Helical Antenna

V881 discovered that axial mode operation occnrs when the ciroumference, € of the
helix is approximstely one wavelength i the center fregquency of operation and endfire axial
mode oporation is sapported fov approsimately 0734 < 0 < 134 The optimal pch angle, o,
was found 1o be approximately 10% < o < 207 for axial mode operation, This corresponds o

s

an terdurn spacing of 8174 8 < 8360 of the center treguency of ope

sion, The axisl

o

helid's primary attributes are that ¥t produces

over g wide {~369%) bandwidth, T

1 CRErent mo

U5 propertl

L0

sidered 0 be a continuous Hoour ardenng carrving a traveling wave,

windding 15 periodic with a period equal to the ture spacing, the heliy is

B

considered 1o be a perjiodie structure. For 2 helical antenna o be in axial mode {end fire

i 4+

reode} with optimum performance in fevms of gain, bandwidih and an axial ratin, the

g

foltowing conditions must be met {Kravs and Marheths, 20080

Dhie 1o the physical geometry of the helical antenna, it s extremely difficult o

mathematically analyze the radisfion properies, such s gsin and input impedance.

Therelore, mvestigation of the radition propertios is generally accomplished by experiments,

4

mM.

.

sroximations, and numerical analyses | Wongpall

t o It h e ]
anaiviiea
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§.3 Statement of the Problem

{ver the years, designing the helical antenna to operate within higher microwave frequencies

T

-
-
L)
o
joet

L tive gigabertz {SGHz) and above have beon of great concern 0 most helical antenna

s, the reason being that existing equations and mathematical proof by ¥raus, who is

the foamder of this remarkeble antenna, and other authors show that stability at such higher

frequencies are not feasible. Ag such most of the software are built having such conditions as

basis for thelr operations. thereby making such designs aliwost bopossible. 1n this thesis,

atternps will be mude 10 modify the piich angles with a view 0 mak

£

< thiun suisable for the

b hand application.

1.4  Aim

The aim 5 10 show that belical sntenna could be utitized © ope

Tequencies such

as o band (12~14y GHz by varying the plich angle and axial length,

Anslysis of the gain and bandwidih of the Axinl Mode Helical antenna using standard

meering sottware Hke, Matlab, will be done fo ascertain the viabilily of this helical

antenna for the Ko band apphicstion.

1.5 Seope of the Project
in this thests a modification of the existing mathematical equations on helicsl antenna will be
done. A review of the axial mode belics! antenna design parametors such as the pilch angle

sk

s

with be looked into. Effort will be made to vary the phich angle with a view «

design suitable for the Ku band frequency




CHAPTERTWO
2.9 LITERATURE REVIEW

2.4 The Stub Loaded Helix: A Reduced Size Helical Anfenng

g that the Steb-Loaded Helix (8L offers antenna performance

[V

comparabie to the tradiional axial mode helix but with a significant reduction in size. For the

ser of s, the SLH ovcepied a volume approsimately one-thivd of a conventional

SAMT LY

helix, The parformarnce of the SLH was esplored through simulation and experiment.
4 pord

A schomatic dingram of the Stub Loaded Helix Is shown in Fig, 2.1, The SLH consists of g

hetical winding around a contral avis that is broken periodieally by radially inward directer

tading stubs, In the figure, four stubs per tum are showsn, each stub positioned 90° with

.
oo

respect i the adjacent stubs, Because of the piteh angle of the helieal winding, the stwbs of a

sipgle turn do not He inog common plane. The stabs are contiguous with the helix winding.

e

e

Fig, 2.1 Geometyy of the Stub Logded |
radins of helix, - plich ang?e,, & - turn-io-turn spacing. a,?d I su.{i} depth




His motivation for developing the Stub-loaded

redues the sire of a copventional helid waed o YHE

WY

i e order of 4.3 W oare

meters for high guin antennas.

I T
The nhy

P

stravtures and correspondingly large positioners. Any reduction

vatem 35 sinab t and

W08 ey

weduction for b

\,‘7
o

gansiated into oo SUppor

will be reguired.

that &

Baris eniy wrous technigues

shserved that most invebved the use of dielectrio materials with moder

vo structure on which fraveling wave will propag

3

30

d frowy

P

some of these approaches have been successtul they suff

ved through

reduction was achis

hioher bosses and

er radiation efficiency, and the cost of

Poaded Helix however achieved s

;.“

use of a unlgue and innovative geomelry of the helix

5 that Tt performance.

I Y
Uu;i'.inﬁ-:

wiant geometric Losded Helig the

parametors tor the Stub i

angle, o {related 1o the torn-fo-tumn spacing, Sy the number of

depth, T, and the nomber of turns, N, Typical values for these
24

vy came from the desire

elitte applications. ALY

steal size of these amtennas requires

b

£re attempted 1o reduce

the use of bigher pormittivity dislectris
the dielectric
Rived

winding and did not v

stubs per furn, Vs

0

HEAHE

sienpths the phvsical dimensions of a conventional hebix bocome large. Helical diameten

not encommon and helix lengths can be in the order of several

size of the

positioning oquipmont

the helix size, and
ate or high permittivity

vage arud radiae,

which resulted in

s raterials i usually

reduction throns

COUIES ENpenSive

diameter, £, the pich

', the stub

parameters are given in Table




{\

Table 2.1 Comparison of Conventional Helix and SLH Geometries Barts {20033

Pavameter Conventional Heliy W5

Circumference (09 ta, 0665,

Diameter( ) 318 % G210

Hadiug (R} 01604 LS &

b
¢
Q}j
S

Puch angle (o0
Tarn-to-turn spacing {5 0.21 020 % RIS

P

Viohsme/turn GO168G - 0.0200 37 00327257

2

Drepth of Loading Siab - 6.0765 4

He summarized that, the Stub Loaded Helix goometry consists of a belica! winding with

e doading stubs arcund each nwn. The circumference of the SLH was approximately

6.664 and the depth of the loading stubs was approsimstely thre g-paariers of the helix radius,

or 4785 The oplimum pitch angle for the SLH was 2% The chion i helix
diameter and one-half reducticn in nen-to-turn spacing charscteristic of the SLH meant thal
for the same number of tums. the SLH occuples 2 volume one-third that of 2 comventions!
axigh mode helle This i1 redustion in size was a slgnificans hoprovement. The size

reduction did have o performance penalty, but the penalty was small o woimpared 1o the

nprovement in size and may be of no consequence in the appltcations of intersst,

4




2.2 Gain of the Axisl Mode Helix Anfenng

Emerson {1993 guessed that the axialmode beliy amtenna i probably the most widely used

gither in space or on the ground, He observed conflicting claims

.
b4
2

or the gain of the aptenna most amateur Hterature, and even many standard textbooks, guote

e
o

gains which he sabl are far 100 optimistic. More sealistic gain relationships are now gvatlable

sional antenna jowrnals, but are not well known s amatour clroles,

in the profs

His ariicie swmmarized | %« most exiensive numerical moded

antenna ever porformed. NEC-Z was used 1o model some 1000 difforent helical antennas,

systerpatically changing the physical parameters of the antenna and investigating the effect o

3 m

T

eed mwalch, For each caloulanion, between 600 and 1400 segmends weore used o
wode! an antenna; with frequent checks on the validity of the calenlations, Some 3660 hours

of nepworked Spare worksiation vompuie oycies wers ysed for the study,

g

Hiz modeling data weve compared with resulls from the professional antenna erature

Vi ’

angly, the modeling gave resulty which are  intermediate botween  poblished

Reass

experimenial and theorctical work, The maximum possible gains were up to 4 ar 3 dB lowser

han those obtained by Kraus, The maximum eain inoreases much

o el

i than the simple Kraos forouls prediciion.




Emerson found an empirical expres

anionng as

e
il
-
b

He alsn found an empirical expression for the tars radius #

a function of fen

ion for the 1

a tunction of 1ts Jengih L in wavelengths to be:

casion is only valid for lengihs £ between 2 and 7 wavelengt

Lo owavelengths 1o be:

(R T AT

o2 . 3 PN

H 5 o Ay 5 [ ITLY.
e gain 4, of the helical

oneusred

1Y
i
S

His extensive modeling study 15 in good agreoment with theory and measurement from the

professional litersture, ol of which show that the gain obiuived by Kraus for a helis is far o0

?H'ﬁi e

- by oup o4 or 5 4B The modeling showed that, at g give

B

aiuc of turn Spacing,

,

the optimum turn radivs for peak gain decreased slightly as the helix was made longer. The

AR

SR WA

abmost independent of wire digmeter, or of the presence of a short feed stub betwesn

the grounsd plang and the stars of the helix, The resistance of wire used 1o construct the beiix,

even where several times worse than alwuinhon, bad higle etfeot

fanbda sguare groundeplane was pearly as good as an infing

racials, ra

sther than o contingous ground-plane, gave a gain penalty of

> groundsplane, The use of

on efficiency. A half-

Tagmne 3.5 45




L3 Enbancing the Gain of Helics! Antennas by Shaping the Ground
Conducipr

Diordievic and Zajic {2006) observed the size and shape of the grovsd conductor of sxial
maode helical sntennas 1o bave significant mpact on the antenna gain, By shaping the ground

conductor, they were able 1o ncrease the gain of a helical antenpa by as much as 4 38, They

,

snatyred belical antennas above various types of ground conduct

ay  Asienng above infinite ground plane
b} Antenna above sgure ground conductor
ob  Astenna above oyiindricn cup

g} Antenna above fruncated cone

2o

Thelr explanstion for the function of the cone was that it acts not only Hke a reflector (which
ootlects and directs the energy spilled into the sidefobes), but alss like a hors antenna that
creasss its own radiation patiern, which favourably interacts with the pattern of the helical

antrnna. Computed resalls weore verified experimentaliy. The amrsement belwesn the

puted and measured results was good and contfinms that the adequate selection of the aize

and shape of ground conducior can enhance the gain of the belics! antonna,




24 Helical Antenng Uptimization Using Genetic Algorithm

Raymond {1999} formulated the Genetic
antennas that provided a significansly farger bandwidth than conventional helices with the
same size, Over the bandwidth of operation, the GA-optimized helix offered considerably
smater axial-ratio and shightly higher pain then the conventionsl hehix. Also the npuw

L

ok remaned relatively constans over the bandwidih,

He found out that, for nearly the sume bandwidth and gain, the GA-optimized heliy offered 2
s reduction of 21 relative 1o the conventional Beliv. The optimization was achieved by

<

altowing the genetic algorithny 1o comtrol g polvnomidal that defined the envelops arcund

was wigpped. The finess level was defined as a combination of gajn.

bl

bandwidil and axial ratio as was defermined by ay analysis of the belix using Numerical

Lenetic algmithms are useful for oplimizing helival antenngs to achisve desiped

performances such as high zain, low sxialratio and o ide bandwidih. Rayvimond observed that

previous research on the optimization of helical anteunas concenirated on bullding ar
farge numbers of de signs o find optimum solutions, Accordi mg o him, integral based
mumerical methods are now available o solve helical wire antennas, Thess mgthods,

comunction with modern optimization techniques such as genetic algorithms, atlow engi

fiﬁ

e freedoum to oreats aniennas that meet specitic radistion characterisiios

22




The goal of the genetic alg

that vields # low axialratio and gl dirgots
heliy presented now shapes and repd srted

3
oyt
LIROLE

ithins 13 used o

several radiation properties. The gone

axnjai-ralin

gt e made.

Continuous control of the radhas v

time required to optimize uawdreds of
silenw o discrete pumber of radius yariables,

racius vahies o countrol the overalt

$iehival Fead Antenpas

Paul (2

microwaves requiring eircular polaniz

<

communicaiions, Where

anpenna slone, o helical antenna could also be

oains. The helical antenna can he an excellent |

s
e

posithun in his rescarch v
Pty over
oy their
o find optimal soludons o a Hbwss

paximize a single atribute; however. a helix roqu
etic algorithm must maximize directivity ¢

over a4 wids bandwidih, This presents a rade-

ciuired a very
variables was not feasible
An pth order

elix
I

shape of the h

srenlarly polarized radiation, Ove area that tekes advantage of
more galn i regquired
used a5 8

o~

st for

3

vas to {ing an optimal shape for the helix

4 wide bandwidth, Pravious work on shie

advantages and disadvantages. Gengtio

function. Typically,

g optimization of

1

il mrininee

off probiem and thus a compromise

targe mumber of variables 1o pptirize, The

A compromise was mmade
potynomial sltows ot disoreie
data

Fitiing the i o least sguarss sEuss

newnial provided a simple squation 1o detine the boundaries of the belix

0023 affirmed helical antennas 1o bave {ong been popular in apphcations fronn VHE 10

pation, since they have the unigue property of navarally

this property
than can be provided by o helicad
%Z“;u f (i:._.{ ity

foed for a parabolic

dich, with the advantage of crouliy

&8




pedarization. One sanitation o that the uselolness of S ohe cireudar polarization s Hmited e

i cannot be casily reversed 1o the other sense. fofi-handed o righi-handed or vico-versa.

Typical helix dimensions fer an anisl-mode belical antenna hove 8 helix ciroumisrence of one

-
«'
P
('v

selength at the center froquensy, il & helic pitch of 12 1o 14 degress, The ground plane
diameter 15 typically 0943 in dimmeter at the center frequency; but many other configuratio

Love heen used, inchiding square plates, wire grids, cavities, and 00ps. The % df hoanpyidih

foor o helhy evith 5 BENS 15 approximately [Pasl 2002

|
Eodinel
[
i s

N’

7...
f‘?.

whire the cirmmmforence Oy, and the tam spacing 5, are i way

ey diameter and furn spacing.

Admost all helical antonnas have becn mads with anif

Suggestions fur fong helical anennas requiring variations i diammeter and spacing over he

fenpth of the sntenna have been made just as optimized long Yagi-Uda entonnas reQUine

varishle eloment lengths an d spacing for very High gain

>4
b

Some of the AMSAT satellies and others veguite more than 13 dB gain with ciouly
solarization for gond receptita Uil someons finds an optindzation that vields higher gain

i

3

from # long helbs, soree other antenna bype will be needed; a patabolic dish s often & g
haice, While a large dish oan provide gains gpward of 3 dB, o smalt dish can easily provide
fhe 30 to 79 4B gain neoded for many satelite apphications, The hemmwidih of a small dish 8
hoader then the heam of a farge dich. making tracking loss diffieuit. OF cose, the dish

x4 RIAE

24
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¢ bamd. The matching is ofien part of the heliy: a quarier-

wve of wirg close to the ground plane before the first wrn stavts. 1 could alse be on the other

side of the ground plane, 1o separais unpedance maiching from the radiating olewent.

Cireular polarization has two possible senses: vight-hand (RECPY and letthand (LHOP)

Since & helin cannot switch polarization, 8 is boportant 1o get i right, More mporians for s

foed s that the sense of the polarization voverses on reflection so that fir a dish 0 radiate
RHOP solarization requires a foed with LHOP. For Earth-Moon-Farth (EME), reflestion
from the moon also reverses civeular polarization, so that the echo returns with polartzation
reversed from the transmitied polarization. A helical feed used for EME would not be able

= R SO L £ rrpprngmi e P ~
vocetve 1S own echoes because of crass-polarization oss.

Paal affirmed the helival anfenna a3 gn excellens feed for circular polarization. 1te roadband
and dimensions, e sald, are not oritieal and the patioms sre welbauited to dhmination of

offset dishes. it is o partioularty good teed for small offset dishes for sateilite apphoations.

26 Central-Fed Hemispherical Helival Antenng

Chan e al {2000 observed ardennas with cireulyr polavization o hgve found wide

wations  in salelllle communications due o thelr fnsensitivity i the ionospheris
potarization vowtion. The charscieristic of @ bemispherizal contral-fed helical antenna wers
jovestigated by experiment, Results for a 3-tun hemdapherical belix indicuted that cireufar

polortzation can by obtained over g wide angular range with relatively high gain of about #




3%, The frequency handwidih fora 3 A6 anial ratio eriterion was approximaely 11%%, with 2

N
‘-.A

tad
gy
P

ce of 1

negrly resiative npet impeda

s of the centrai-fed Hemispherical P Hetical Antonng

Fig. 2.3 The goometsy

The curved posting of the thin wi ire was deserihed by the following squation in the spherioal
Cardoso and Safaai-Taxi (1996}

co~ordingte systgm as g»rop-:fz;s:-;’i by

ohore a s the radius of the hemisphere and M 3s w manker cqual 1o hwice the numb

nsens of the helin, Note that eqn (2.4 deseribes only a right-handed helix. For a lefi-handed
nolix. the sign of the expression {ngide the tacket fn ogn (24) should be reversed, The length
of the short siraight wirg botween the he Jfix and the ground plane i denoted by B The radius
of the wire is #, and iz gqual o the radius of the inper conductor of the cousial bne. The

radins of the outer conductor of the oax il Hre 15 b The hendspherical helin was syosnd o
5 straight wive to g coaxial

the surface of a polysiyrene hemisphere and wos 00 anegted ©

12 b ““’do'}i“{’: <.

probe at the poriphery o the hen

138
B
el




The authoss belteved the antenna to be ve v usetul for aray constractions. Magntiudes of e

and £ are very ¢lose 1o each other over 2 wide deviation angle from the main direction. This

is the yesult of the wide angular covern age of cirenlar polarization radiation of the antenna,

+

These far- §

bl characteristics accompanying the refatively high gain make this anenns a

suitably candidate for mobile communications

v

A conral-fed hemispherical helical antenna was Intensively studied sperimentatly, and

v

he same sadiation

=

compared o the peripherab-fod  configurstion: it provided essentially

g

e antenng

wand

polarization patterns, but a significantly targer bandwidih and a boiter axi

has potential mni ications in array consirgctions aimed at mobile saelite COUBInIations.

27 Quadrifilar Helical Antennas for Personsl Satellite Terminals

N

Frank and Greg (2004} affiemed Ouadrifilar Helical Antenna {EHAY an excsllent choloe B
pevsonal handsets that conumunicate with satellites. The OQHA I8 capable of tami mating

comsidersble portion of the upper hemisphore. It provides omai-direotional coverage in

azmuth with an ability 1o silor the patters for the sxperted elevation angles to the satellie
The OHA s self sefticient withoot 2 counterpoise. Best performance was achioved when the

aptgnna was solated by Bself], but that did not satisty the needs of most mobile or persons!

apphcations. Yo, as ju many snienna applications, the antenna is foreed to work i oa

kd

compromized manner,

Chasscieristically, they bave learsed to think of resonant antermas in terms of muitiples of
guarter-wavelengths, For the QHA, larger multiples 1end to inorease the gaiy at the peak of
the bewm, Quarter-wavelength element v filar length QHAS tend 1o have lower LR

compared 1o halleave fllar antennas ond exbBibit warrower bandwidth, Higher multipis

28




quarter-wavelength OHAs ware made 1o divect the peak of beam for specific sppdications, In

e cases beam widths less than hemdspherie were desired. Higher multiples of quarier-

ciements end 1o nprove the fromt hemisphare o hack hemisphore yatio, This

was suportnt in some applications o reduce the noise tem weraturg of the antenna,

Fov today’s conununications products, the customers® applications tend to always require
siailer, lighter, cheapyr and better rerformance in a fasier development time, Thus the

stenna performance sust be attempted for less than ideal size. For instance. in mos

applications, a S0-ohm chavacteristic QHA structure would have a farger digmeter than is

oomaidered acveptable. A better antenna could be made it s three-o siarier filar longth could be

bsd

wiod, but the overal] amenna length may be too fong for the customer preference. The real
game seems to be to develop QHAS and other antenmas © work well in spite of the imposed

working conditions.

The antenna for personal o mobile carth terminals such 93 telephong handsois was sahbiect 1o
noise seceived by the antenne and the receiver added nofse. The snfenna nolse temperature

i

s the result of integrating the three-dimensional antenng patiorn with the incremental noise

temperatores over spherieal space. Typically, the nolse temperature varied with elevation

¢ reogiver nobse Hgure or nolse fempersture I an important factor in deter mining the

mance. The G/ figure of merit demonstrates the contribution of antenng & gain, antenng

e

neise wmperature, and recelver nojse figure to the G/F figure of merit, Critical know fedge of

system parameters oan help determine the importance of seiting adequate requirernenss for

systeps Hok margin performance.

For personal or mobile earth terminals, one of the key performance parametors is the ratio of

the reecive antenna gain 1o the antenna nojse plus recelver nolss lomperaturs ratio. This ratio

N3
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A bwrge number of cases with ditferent radll, pitch angles, and mumbers of turns were

o

investigated, Results for far-field palterns, gatn, axdal ratio, and bandwidih were preseniod.
The influences of parameters on radiation propertios were examined. Soveral prototypes of
the antenna were constructed and tested osing an cutdoor antenna range. Measured far-field

patterns were presented over a wide range of frequencies. The measured and compuied

radiation patiorns were in good agreemens.

Hiz siudy indicated that the proposed antenna provides civcular polarization and high gain
cver a wide frequeney range. For example, when the manber of turns was 10, a gain of 11-14

Fa

%, 1 bovesight axial ratio of less than 3 dB, and a half-power besmwidth of abour 40 degress

e
m-}

e feved for most oases exmnined was better

than 10 48 below the main beam. A unigue advaniage of this antenna i3 Hs much smaler aize

compared with 4 conventions! belical antenng made of straight wire shaped into a helix

having about the same radistion chamcteristics, including gabn, circular polarization,

banbwidtly, and side-lobe fevel. Thix new anenns occupied a volume about 3 Himes smalber
N -

than the conventional belix, This veduction in size, whivh in mn Imphied smaller weight and

s and mannfaciuring costs, wade the proposed antenrm very appealing o

srany communications and acrospate spplications.

2.18 The Radiation Properties of Electrically Small Folded Spherical
Helix Antennas

Best {20047 considered the primary variables in the design of the anienna 1o be the narsber of

v

hetical trma and the mamber of helical arms. & is the free speee wave number, that s

, is the masinm dimension of the aneona, The principal design objectives are

pag

W
W




o achieve seli resonanve, o low quality factor /0¥, and a practical radiation resistance for

sented for i, fess than 0.5, where the sntennas ars et

enry i escess of $5%. 4 {2 within 1.5 thmes the fundamenial by,

Botationship botween the number of helical furns, the numbey of helical arms, and ac shigving
self resonance at fow freguencies was diseussed. B2 wdiation properties of the folided spherical

stenng were prosesded. Antenna properties as a function of the mumber of helical furns and

the number of helical aims were discussad,

Through appropriate selection of propertics, it was demonstraiod that the spherical folded
helis could be made self resonsmt 2t small values of #,, with high efficiency. From
proctical consideration, the Hmiting performance properties of any olectric catly small antenna
ave the antenna’s quakity facior and bandwidth, While the £ of these amtonnas s within 1.5

tmes the fundamental mit, the absolute value of £ van be high because of the small valas

N

of &, at which these anteunas are seif resonant. Reducing the guality facior or increasing

the bandwidih beyond these values while maintaining the su vohime tvpicaily
v <& s «

required a trade-of in torms of reducing the antenwa efficiency.

231 Coaxial-feed Axial Mode Hemispherical Helical antenng

Hui oot al 11999} studied the wideband, high gain and circalar polarization charscteristios of

comvertional oylindrical helical antennas, From their inve stigations they foand that spherfes!




.

SHes! antonnay can provi ide circular polarization over a wide be

ith with radiation
patierns free trom sidelobes and low backlobe Jovel, High gain of ap 1o 9.3 B is achievable

=

with a 10«urn spherical belix. These are very significant difforences from cowventional

b

cvlindrical helical antonnas.

T, . T L
They observed spherioal

helical asdenngs Hike ovlindrical helical antenngs s difficult 1o
maintain i a vertical position over & flat ground plane. Thelr siudy of the hemispherical
helical antenna wos able 1o ovorcome this because hemispherical helical antennas, unlike the
spherical helival antenwa are only hslf as high, By winding the helix on the surface of 4
polystyrene bemsispherg, the antenna rests very steadily on the ground plane. From thelr
studies they tound that the performance of the avtenna is shniler to that of & spherical helicad

antenna. They believe that the antenng would be usetul for array constructioy because of bs

robust shruciure and no sidelobe patierns,

;
i
{}{omdal zatin

eyl
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7. The geometry of the bemispherical helical antenua

- curved portion of the thin wire is desoribed by eaqn (2.5} o the spherical co-ordimats

systems by Cardoso and Safeai-jazt {1996) as

LA
Wt




- LG ¢ 3 . -
e & ot e B Y :
R WOSHEN (2.4
WY <

where ¥ is g mumber sgeal o twice the number of tums of the helix, Mote that egn (2.4)
describes ouly a right-handed helix, For g lefi-banded L helix, the sign of the expression nside
the bracker in egn 2.4 should be reversed, The fength of the straight wire leading from the
somxial opening to the hemispherical helix is denoted by fu The vadios of the wive §s 7 and [s
equal to the radius of the iuer conductor of the voaxial Hne. The radius of the ouer

comhictor of the cousial Hne is B The hemisnherioal helin is wound on the surface of a

polystyrens hemisphere: and is connecied o the couxial B at the periphory of the

.

coaxizl-deed | axial mode, and Setum hemispherical helical antenns studied by

Hut et al (1999} wis found 1o foster 3 more stable struciure than spherieal helical antennas
and provided extremely pure clroulyr polarization over 4 hrosd beamwidth, The gain

andwidih prodect was approximately 33% while the peak gain was sbout 7.6 dB at =133,

i1z input impedance showed g large reactive part over the axial mode frequencies,

212 Studies on 3 MNovel Ellipsoidal Helical Antenna

st

Dongyu et ol (2007} proposed and studicd a novel efli ipsoidal helical antenna as o specia

The hemispherical helical antennas wers first analyzed, their anulysis indicating that

S
v
2
&
=
&
&
and

%4

the characteristics of a bwo-arm unif are better than those of a single-arm unit, Based on this,

fescs

the eilipsoidal helical antenna, formed by changing the asial direction’s dimension of the

3H




3

twoear homispherical helical antenng, was 5 anaiyzed by the moment mothod with curved

basic and testing funciion, The effenis io YEWR (Volisge Stand g Wave Hatioh gain,
potarization and patierns by the axial direction s dimensions were invest gted, The study

provides dependable gist as o the choice of antenna format goccording w the practics!

EQuUirements.

Fhe two-arm hemispherical helical antenng evulved from the hemispherical belios] antenn A
by winding another helival wire centr-symmetrically o the original one on the aurface of 4

hemisphers,

213 Axial-Mode Patterns and Phase V glocity of Wave Propagation on
Monofilar Helices

hravs and Marhetin { 2608) derived the first approsimations for monoiilar {single conduector)

fielical anten s radiating i othe axisl mode 1o bave a single troveling wave of uniform

soptitude along i3 conductor, By the principle of pattern mult iplication, the far field pattern
of a bielix is the prodect of the patiern for 1 turn and the patern for an array of # isotropic
puoint sources. The number » equals the wumber of s, The spacing ¥ between sources ia

equal 1o the urn spacing,

They found out that whe 5> 13, the wray pattern IS much chas rpey than
the single-turn pattern and hence targely determines the shape of the fotal farfield patiern,

Hence, the approximate far —field pattern of a long helix is given by the array patiers. They

sesumed the farfleld varintion 1o be given by the aray pattern or factor and that 1 T

~d

[ex]




ifterence bepween sources of the array 15 equal 1o the phase shifi over one-turn fenpth £ for g
single traveling wave. they found it possible 1o obialn a simple, approxinate expression for

the phase velocity required to produce axial-mode radintion,

They also discovered that i fields from all sources are in phase 4 a point on the heliy axis

{4 = 3y, radiatdon will be in the axial mode. For the flelds 1o be in rhase {ordinary end-firg

¥

condition) requires that

3w '_f!.o;n;.';;-,(.r {“ {;

E3 Lt

where

cocecooat, betng order of transmission

-
&
Ean)
s
W
£
3
=

3t point

&
a2
o
L
:3'\
~~3

SOUFCE representing | turn of the helix

R Array of isotrapic sources, ¢

The mines sign in egn (2,5 resulis from the fact tha the phase of source 2 is retarded by

o E

[dsdfphwith respect to somrce | and 5o on,

LA
o
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When g o=

e
3
<
B

e’

FEig (1.6} page 13, eon

]

o~
g W

(2.7} can also be expressed as

.

Egn (273 gives the variation in the refative phase velocily o oas a function of the
cirpumference O for in-phase flelds in the gnial directicns. The varigtion for helices of
different pitch ang

glv is lnstrated in Fig 2.9

a2
it
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Fig 2.8 Relative phase velocity (o for different piich angles as a fanction of
thehelix oireumirence (07 for the condition of in-phase fields in the

-

axial divection {horaus and Marhefka, {20081

244 Experiments on Trisugular Copper Strip as Impedance Matching for
2.4-GHy Helleal Antenng

-

-
o

Wongpaibool {20081 observed computer mterconnection in the past using wire-line

fvoas local srea network {LAN), a5 inconveniont in most siugations sinee

v

computers must be within the range of csbles. As nepvork fechnology progressed, ¥ became

<

possibie for computers 1o be connected togethor wirgdesshy, At present

coanpices arg ased 1o

et to the |

oy

vierngt through wirsioss LAM {WLAN)Y operating at 24-GHz frequency

BIEE.

The Internes is inpvitable in our everyday Hves. With portable computers and WLAN, the

-

mrernet can be acoessed ayywhers provided B is within the coverage area of a WLAN avcess

Rl




powd. The range of BO2.1 g WLAMN is typleally of the order of some hundreds of meters. He
visualized theoretiva e the core of 3 helical antenniy 1o b the alr However, an alrcore

felical antenna tends not to be durabl ¢ i practice especiably when the helical wire size |

g

smalil

Fhe wire dismeter used was 1.0 T HEwas supporied on g polyvinyt chioride PV tobe 1o
strenglbien the antenna structure, The . selected PYC tube had the outer dispneter of 42 gun,
witieh corresponds to the circumis srence {of 1073 v, The pitch angle was selected to be
ELATS The total number of turns for the antenna was 1 6. and the reflector had the dismeter

of 18 om, The helical wire was peripherally fed at the buse by wsing Tvpe-N female
connecion,. Too gquantify the impedancr mismalch, s measurable parameter related 1o

impedance mismatch was required. The parameter ke used was the re s doss {dB) defined as

T
e

e 1

”
o
S

35 reflected power and forward or inside “Bt power respectively, st the point

where return Joss messured {for this experfment, It was the antenng fred point), The

frequency range for returneloss Heasurement was from 2,36 GHz 1o 2.5 GHz, which COvEry

the entire trequency range ot WELAM,

Fig 210 shunes a plot of return foss a5 & function of frequency ar diy

deal case al which the input impedance of an amenna matches with the impedance of the

£

tavsmission Hne, incident poweor was sotally absorbed by the amenn 1, thus, oo reflected

poveer, and return loss equaled to o g However, from Fig, 2,10 withous awy King of

supedance matchi g retarn loss beeame very poor and relatively flat across the measured

requeney band, At frequency around 248 GHz, retnr fnss bevame a5 poor as ~7 4. This

Lonesponds & only RO % of ineident power being abaorbed by the antenna,

43




Fig 2.0 Rewrn (oss ae o funciion of frequency at difforent strip lengths
IWongpaiboo! | 2008)

2.1% Bresign Curves for the Axisl Mode Helical Antenna

Jeymings 2002) in his paper oblawned gain expression for the axial mode helieal antenna

4

which he applied to his design curves that wmade bis design applicable 1o C-band, His design

24
oy

curves enable the prediction of the gain and bandwidih in relation o the axial length and
pitch angle for any particalar helival antenma with an axiad length of between 0.5 lambda and
& fambda, Fig 2,11 shows the refationship betwesn the gain of & helical antenna and s axial

tenpth, as alse reprosenied by egn (2,30 Fig 201 abso shows the axial length for 2

gatry thus, the gain for a given axial length may be obtained from this curve, The required

-

piteh angle for a given axial fength may then be found using Fig 202 oregn (212 Fig 213

shows the fandwidth at optinnem pitch angle {indicated by the red circlesy. It also shows the
inerease fv picl angle roguired for an increase i bundwidith, An increase in bandwidth

resulied 10 a corresponding deorease iy borgsight gain. Pich angles less than the opthmam

vadue arg indicated by dotted hines.
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He obtained expression for the percent bandwidth, 4 ', as the difference between the upper

and the fower frequencies novoalized w the upper frequency £, with £ helng the lower

-~
&3
I

Bitch angles less than the optimum valeg are indicated by dotted Hines {(for axial lengths 1.872

4

frbda, 413 lambds, 6 lambda and ¥ tambds), bocreased pitch angle resulled in improved
YEWR. The bandwidth as shown in these curves was normalized (0 the upper frequency Himit
asing con {211y and varizs with piteh as shown in cgn (2,12} The dolted fings ov the graph

3

Plenths of 6.5 lanbds and .84

o3

bunbda indicats the smturation of bandwidih at high

.
e

piich angles.

2.16  Shortcomings of Reviewed works

Kraus and Marbeika (2008) established that for 2 helical antenna 1o be iy axisl mode (ond fire

meder with opimum porformance in torms of gailn, bandwidth and an avigl ratio, the

circamderence of the helix must fe bevweon 0.8 and 1.2 of the wavelength therehy limiting

b P b

3

the application to S and © bands. He also conditioned that the pitel angle o must lie between

o

4

fpgrees {1273 and fourteen degress (147 while the mumber of turns must not go below




four {4y, An bnprovement 1o e of wodifving Kraus™s condition 10 expand the application
for use in Ko band is possibie.

Arteanpts o improve the performance of the conventional helix informed the need o aher the
helix in diversie sections (apering) which, according o lteratures, prosentesdt a simpder dosien
than the continuous shapes suggested by bravs, B s ditficndt 1o achiove reduction in Yohage
Standing Wave Ratin (YSWR) at the feed through tapering sinee the antenna desigoer bas o

aor throngdy this rigor to keep oue of the helical antenna parameters consiant while varving the

b

F_‘\

sthers. Examples are, kooping the pich angledw constant but varying boih the turn spacing

ying diameter {74 constant and varying pitch angle () as well as

b

turn spacing A% or keeping turm spocing 5} constant and varving both piteh angle ¢ and

1 o~

diameter (D0 The simpler approach ithat can be adopted for motching i3 the use of 4

iriangular copper strip matching techaique foo Ko basd application”™ as suggested by

Wongpaiboo! {2008]).




CHAPTER THREE
3.0 MATERIALS AND METHODS

Anienns designers are abways searching for wiyve o improve existing desipns o introdace

novel designs in order to schieve desirable radintion characieristics, reduce the size and

weight, and thus meke antennas mors cost efficient. Axdul matio, gain, and bandwidth are

3

 of the baportant properties which they concentrate on improving,

3.1 The Axind Mode Ku-band Helicol Antenna

This chaprer intraduces the Nu-band axial mode belical antenua de i which the pitch

angle o= tan’ Yeirad 5 will be varied fo sccordance with the proposal of Kraus and Marhefia

2008 Previous destgns of the helical antenna were only Hmited to WLAN froquensiss
{2 A40GHz and C-band, Attempt s made in this work 1o modify the range in plich angle for the

il mode helica! antenna with g view of meking i soitable o much higher freguencies,

particudarty the Ka-band,

The plich angle for the Ku-band is called oy in this thesis, This will affect the axial length £
of the axial mode helical antenna as oblained in Kraus and Marhetha (2008} The axial longih
for the Ko-band will be calied L, Higher number of firms V known to increase the galn of ihe

hetical antenns witl be giilized

47




The Ku-band helical antenng will be anglyred computationally in tenms of gain and axild

v

spgth, Investigations of the pitch angle and design guln for Kueband belical antenna will be

by

carried out using Matiab simolation soffware.

t3

The tder bebind this design Is o show tha axial mode belical antenna can be utitized for

freguencies, particularty the Ko hand, Attension will be focused on the details of the
axial mode helival antonng parameters which includes galn, bandwidth and pitch angle

fe *

maximizs s porformance,
3.2 Genersl Properties of the Axial Mode Helia

The following are some important properties of the axial mode helical antennas:

s The chroumforence of the belix is of the order of one wavelength Owhich cnable

p

yith maxinnn power densigy in the divection of Hs axis
& The circumierenve £ ds betveosn 08 and L2 om
& The pitch angle o Is bebween 17 and 14

R4

e Mumber of turns & must be cgual 1o or greater thay for { ¥ = 4

&

The bmpedance and radiation pattern do neot change sigeificantly over about ong

gstave

3.3 Assamptions for the Ku-band Axial Mode Helieal Antenna Desipn
The following are assumptions made in the design of Ka-band axial mode helical antenn

s The Chowmibrence © = zb 15 equal to the wavelength 2 of the frequency of opemiin

Fowhere 2 s the diameter of th

s The dlameter of the helisy & = {«{ ¢ center frequency)

48




Center frequency £ = !

w1 G, whers Fo=lower trequeney and

S =lpper frequ ueney
Axial length vang Lo BR2-32em

The impedance bandwidh characteristics folimy the gain bandwidth unless othepe {557

The ground plane may be gither flar op o sppad In shape, In the case of 2 Cupped

OHEnE are a digmeter of | lambdyg andd a depth of 0.7

R AN

fambda

The diameter of the conduenr Wy vary between 0005 lambda and 0.0% famnhda

Analysis of Ke-band Axial Meode Helical Antenna

Phe hau-band axial mode hellosl autes WIS & circularly polarized en

reb-fire antenna thas hus

chargcteriatios determined by avial length L. pich angle vty ciroumiberence  © and
= 5% 1

, o
f CHURNCY OF Operation 7 .
E




Fra, 3.1 The helical am

amﬁ; the diameter I as well as the mezmzwiwu 0 indicating the

a showing the axial longth L, tum spacing 5

H

Cturn spaning X and the circumivrence €

of turns the fonger the axial lengih of the astenna and thos the higher the pitch angle. The

desigy s based on the empirical reltions oy propertios of the sxial mode helix, Ku-band

axiabmode hellcal antormss can have ither a clockwise {righi-handedy or counter-clochwise

wrization, Thoy can recgive signals with any type of Boear polarization, such

w5 hovizesdal or vertiond polarization.

My

b axiabminde operation, the wisiing sense of the coll derermings s polurization, while the

ength of the coil detormines how directions! the antenna will be and it gain Jonger antennas

wi by more sensitive in the divection in which they point. Fig 3.1 shows the axjal fongth £,
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pitch angle &, and the spacing

i inereased the axial len 1sth

afso mereases thys expectediy lomding to hiocher o

o
: R {1 200F gam,

There are two et thi

1T '.?Efz{u'.ﬁeid pattern, The first method ¢ Considors an A

[ AP - P 23w b e
COEY glemema with an slemeny

spacing equal 1o % 3o The tots! field

patters £ 35 obtained by the m Htiplication of the pattern in one furn of the helix by the array

factor, The totaf fleid ¢ Patern £ as given by Keaus .

Yooas given by s and Marbefks (2008), i
(3.1
/T
coeflicient for g given Neum antenna
El ST 3.3
"J,, = element patiers
F R untorn array of 4 o equativ-spaced elements (3.4}

# between qucre usive elements jo

2= - {33
The second methog mvolves calo fating the fol fleid dirently by integrating  the

coutributions of the current elements from npe end of the heliy another, The

SN O by o travelling wave of constan amplity

W
A

£y

RIS RA S




A5 Modelling of the Piteh Angle of the Ku-band Axial Mode Helival
Aptenng

The pitch angle of an axial mode helical antenna iz given by Kraus and Marhefla (20035 as,

wo e - . R TR o Pevtasrios gvd Eier Y Frige 3 AUTE DI SIS § 4 LTS
Modifying the pitch angle shown in the tiangle of Fig 3.1 for the design of the Kau-band

antenng gives Fig, 3.2

LY

Fig. 3.2: Schemuatic i‘ﬁpf‘ﬁﬁ{.f!L iton of the increase in ;,m b anghe with
corresponding inorement in axial ength from 29 w0 L and turn spacing
fronm X i *g«xhiie Reeping the cireamierence fixed

Imereasing the phuch angle improves the voltage standing wave ratlo (VEWR), while keeping

the clromdorence of the beliv fved. The increase n pitch angle controls the growth of the

mienng in the - direction, thereby increasing the length, becsuse the largey the VSWR the

Wl X

roie and the smalier the s

targer the fength, the larger the

ut
e




This is the misciple used in the iangular copper strp matching for heliend antenms by
Waongpaitood (24 M) where o short BCHOR (3mm) of helical wir foowas mepdaced mthe foed
point by g friangular “Opper sirip that had some e auth (30mm) with the wire, The result gid
rod give significan smprovenent in terms of return dous. This implies thas short fengths of
riangular copper st as impodunce maching 15 not effective s However, g the e ngth of the

3 e

HOE 0SS Was improved thowery,

rigngular SOPPEr step was increased so

The phich angle proposed by lennings {20073 for the deg

of Coband axial miowde helica!

denoted by o and i hetween

antenng i

as ke plich angle
ncreases the axial fength of the helix sl mereases. The des gn in this thesis ey ases the

B thpe ormgede o d T L34 0 ‘ PG S -
by the work of Jenn Hgs with the varizhie 3 L 8iving o ip HOPOSE

<-.+
“{

888}, where s, = o

Table 3.0 Values of £ty fow v g

@ {degrees) ¥ iheorees) W g by

Jennings {(degrees)
{2802

3 } 5
5 2 7

Lo
-t
S

g b
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e
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R
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[
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The sl increase fu the axis! lengdh o 18 necessitated to ensore that the pitch angle s not o

H
k3 IS E1
- Lo

brge and is kept within the radiation zove for belical aptennas as experimented by Kraos and

oo large, excesding the

o
&
[}
=

Wy H the wmervase s lavge, the piich angle wil

-

raciation Hmit for the axeal mode helica] amenna in free space; otherwise, the aims of the

be schieved sinve there witl be no radiation

36 Meodelling of the In-Phase field of Ku-band Axial Mode Helical
Antenns

ical conductor

agatiy along the he

Varianon oy he reltive phase ve

in the axial direction is given by

> S P A S eyt
as & function of the circamie

con {313 fraus and Marhefha, 20081

-~
Lkt
e
Lz
e’

A shown in g 3.2, as the piich angle increases the axddal length of the helbd alse mores

£

5

2

al antenng, And substiiotng o, = o+ ¥ fore i osgn (3]

b

P
14

wive phase veloeity, 3 b modeled for the Ru-band axial mode helieal antenna as

[N
b

Substinting o, = innto oop {3,143, we have




ey
Las
—
R
o~

(317

Imroducing gamomerric expansion:

{348

P

B egn (3, £y e ohitain

CEor the Ka-bang asial mode helical ante

v phase velociy

=3

swnfirence {0 for f-phase fields iy the axial direction

BT of the

wd o being the originad piteh angle und v hel S

e

3
7

i pitch angle hy

Kranis and Marhefhy i y

Acvording 1o

3

whing Wave Ratio (VEWRY while Leep e Circumference o

58 b plich angle Confrols the

therehy increasing the fengih of the heliy, The VEWR is proportiona W othe longth of the

w

L
ol




S the larger the fength and the favger the pich o gl and

wally the smailer the return fogg,

3.7 Des sign Curves for Ky band Helieas Antenna

5 Ror the Kasband avial nade belical antenna “rabies the predicton or the

i relation to the axisf Jength | i piteh s

>t this pasticylar fdic

antenng with g norag

i Ly (in free space) between 0.5 3, and 143,

371 Design Curve Yor the Gain versus Axial lengih of Ka-band helical
Antenng

ained expression for the galn & of the heliy as a function of the ayiyl

a5 A’}‘
@l YL
o~ I 2 e
i R e

iy gs.u;u’nﬂd»‘.‘ { }“{ Y f)
e - L -

5.5 GHz with an axial

L of 30 em (.3 ) w g utilized, He o ained the normal ized axial jenuih

2o

i -4 3F s sy ened Fu (3 SN e b a oA SISV I Yoy e
£ iy free spacel that ranped Bebween 5.5 Joand 5.5 5, forthe C-hand anfenna as foljows:

The Cobang wavelengil fir o conter cqueney of 330 Hy g

For an axjal length £/ = 0.3

o7
34




5 AL sormatized axinf je;

Fin free SEACE)

pitch angle resylied 1o small increase in the uormali

At oy et
ANAL XA

Fhen the gain, using sqn | 3200 ean b

25
G

free SEe) for the Ko-hang helics!

G amenna,

e,
fwd
o)
(N

N

PRI
it ./."'E‘,’

17 37 gy

iy the Ka-band wivelenoth

£3.26)
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for the Ku-bang helical apenng modified from £

i}e%wn Carve for the P

ereentage Bandwidg {BW 2 ARY
angle of Ku-band he

STSUS piteh
Heal Anfenng

For Ka-bang bekl

#l antenna, the percets

angd
(307

#hich is normatized o the upper frequency |

i related the pErCent bhundwidth. . pich angle and the axial ks

T sease | ini the pitch angle resulis w gmal) increg

the Nosband belie

~ rl,:./l.{

antenmg | the pervent bandwidth a1 i u-band, the

and the

e modified uaing

(e i

s




.35 the pereep bandwidih fop the Ka-band desion

%48 the optinium niten angie from Jennings 194

25 {20023

s the increment from the optimumm pirch angle i

fyer Yot
R AR 3T

) we fayve

o~
(o
et

e

o pareent handwidis for the }

S-band desior

5,5;5".,

Kea-band Helieg! Antenna Desigy Using Desizn Curves

- gl R

the Ku-ba

AVt

b2 center frequency Fooof 13 GHz with an axial lenuth of the heliy L,

S s witieed, The normglized avig! o £ 5NI0E)

space} for the Fu-band

WIS

bkl

&




gt baped

Axial Rapio AR {dimesioniess) = 10254

Helative phase veloctty ralic p = {36474

HPBW O degr

NS 531

= 30,5660

Nuparical {

P
\..\\

frorn pattern) = 38320

FNBW (in oy

sisnate ' =7 S TG

Ay

erical {from patier)

Numerical (from pattern) (dimensioplessy = 227037

PN

Numerical (from patierny {n 48}

The resuliing helical antonuae characteristios as oblained

swmmarized as follows:

s Nopmaieed bandwidih: about 12.7046% %

¥ Axiad lengthy 3om (8.32m)

¢ Mormabieed axial length 140 T
s Operating fregquencyr 12 GHz -~ 14 Gl

¢ Saxinmus possible gain: 210295 4B

weicnd directivit]from pattern) {dimensionies

1o ] (ohms) = {39 1860

£
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CHAPTER FIVE
L0 DISCUSSION, CONCLUSION AND RECOMMENDATIONS
51 CONCLUSIONS

ign curves esed tor the Ku-band helical antenns &

the belical antenna thas swas

ATEOBO

initially

highor frequencies. I has protiored solution to the inftial mitstion of the ase of the helica!

P

wh frequencies, |

antenna 0 24 Gz WLAN and the (b can nny be used as a ool by most

s were modified

grdennm g s 1o achieve thelr design objectives

s and the axial fengthe of the belical antenna, The modifications were

meant & muke the design sultable for the Kuvband frequency. Although as g resuls of the

ey

s e
WY ADOUL 81X

ol sngle falls out of the stable range of

i iy bowever still within the region of radiation {or belical antenna in tree 3

4

whivh 15 g mach &

ov]
=
&

grey
LB

goaks careful varigtion in the axis! length could belp the helical

anrcuns designer b achiove the desired stabiliny,

sEdE value obtained from the compotation fs an improvement over the

gain obiained from the C-band design by Jonnings (26021, although the porvent bandwidth for

e Kaband design is Hmited to only 139 which is however, not a oritical siiuation since

"

migues have been explored o improve bandwidth in various commupivations

;

The 13% in value of the sauration bapdwidth for this frequency 15 o close

coment with the theoreteal val




340 Gains versus Avigl Length

P

fhe wraph of the g versus axial length shown in Fig 4.1 is compared oith tha obtained by

dennings (2002% in § 2120 As can be seen froan Table 4.3, the gain obtained fo

band desion is hio ghey z’mn that of the Coband, Thi s, thereby, shows that the holical antenna

Nt

et for the Ku-hand has hic gh capability in torms of the gain except for the Hmbation in

Bandwidth, The 21.0205 481 value of maximum gain in

s thesis was obtained From the

Matbal compatation in appendix & and Fip 4. respectively. The aormalized bandiidtly of

b3

£ 7044 poreent i omained from he Matlab compuiation ju appendiz {

5.1.2 Axisl Length versus Pitel Angle

oy of the Kuband helical antenns designed is assumed 10 sange from 87 1

N

0 Ly of the Eu-band has calonlated values between (0.3 hoand 14 4. The

2

radength of 14 % is approx inately 198 % as obtained from the

figure, This is the pirch reguired for o maximum gain as obimned oy the graph, The 32om
hesis is oblained from the incroment in piich angle from 4.7

ign for Ceband to 19,8 degrees for the Kuvband desten as seon in Figs

nd the Bu-band wavelenath of D023 m, this i the maNimum axial lon

&

degress optimum pich angle,

71




1.3

The modified cqation

B

o3 '{e
worsased  Fom o ow 8785

SRPTEASION &, T gL

gaing were obiained where the rang

handwidth may be varied by changing the piich, »

axial fongth.

b3

ing the

by vary

- 4.3 are shown

from the work of fe cnnings {2007 for the

Thesse vahies are both

{assumed valuesy and 0.5 .

the antenna,

Percent Bandwidth (BW %) versus the Piteh angle o,

computaiion of the peroent

design in this thesks Is seen i egn (3310 the pitch angle was

% seen from fhi

o

by the

factor v

the optinnm valaes for

which the opthmum

& iy vahues for plteh an

normslized {0 the upper fra

. The eptinuan pitch

s por)
{5,89.5‘ L 55424_

b angly oy flls out of th
with shout six () d
plication, the percentage

ich may b kept within the stable region

7\’4(

Matlab codes for the computation as well as

i Appendin O,

52 RECOMMENDATIONS

i has bean comple
gre arg st a

recommendations for future

7

et i this thesis as was possible based o the given conditions.

The following are the

ser of things ihat need o be done.

-,
b

3%

work:

~g
N




5241 Bandwidth
Futre work on the Design of Helical Antenng for much higher frequencies should foous

BTG On ways (o dmprove the bandwidth in order o make the wnionng suliable for me

sppdications. Dota compression angd polavization technigues are some ook Haues that can be
csplored w0 achieve this,

2LY Secarity

The antenna structure needs 1 b adequately secured because the windings are fragile ond

s 7

sopd Support in aome cases, As g result, B becomes very neces e safegnard it

i the helieal windings could ke g way out. This can be done with the use of

W

sed
fA




REFERENCES

i ‘{: AL 3: ‘,~ /ifz{mé;;; Fhenry Anals
inc. pp.

¥ sl

5 RIMECZO03). The Syuh Loaded Heliy: 4 reduced size Helical -

ja

k4

b {

Dussertation, irginia po yiechaigue Institute m& Siate Universipy Blacksburg,
YA USA, PP Y18 PP 4454

{ntennas, ?\L{‘O!* Mo EER
Institute & “mii&, sz ersity, Blacksburg ¥

A, September 1994,

YT oy s S Ty F 4
Baris, BM and Sunzman »*«‘1,{ U7y g

%
gl Sociely international § 'i,ummm 39*’»“'7 ik

.

""a{i&zz vopariivs of Electrically Smalt Folde, 4.5

AUEGCHONS On Antonngs and oy 4-»%@»’1'»1‘--’5 2, ‘v’{}f, i*?‘;’i ?‘

Besten, B.D. (2007 Heligalds
sicloe B GE i"";.ti 27

.y
P44 .{-‘/’t\‘

10 Cookbook R

en s

v}’.c‘?ﬁé‘f"é{(z!’ séectromagneios Cody (N
vErnore laboratory

- Method of

The beficone-g ciren? larly polarized mnterna with v xiddeinde feved,
wii3E, no 4, p 550

esnisphioricul Helical

v

i kx.m'm mvm {iig [eps m ‘sem { ;{* i
g ong SAR B % GOR0H T

veraity of Huomg Kong 83

plink.cityied

Coliins RE (1960},

fogranve HEE New Yol




v

»oy




Aitennas, . New

,i
;
H

. 52395} A : WA Applicarions, 3¢ Eé?’i'{,"i}?z,'
f’fgd onic i dw} iy 3

'\«

{ Mrasured Curvent Dis tribitions on Felivgl Anterng” IRE Pr
Vol 3% pn, (s{»& 675

L

SOUSY, Modern drwtenne Py ign, 2%

Edition, 1ERE Press, oy
Nakano H. Yamauchs

?vinnd%w H(19
the Axigd -/,".e'}e:i'c,,

,.,m

Y. “Tapered Baluneed Helives rodigiine

fating iy
L Symp. Antennas propagate, pp. PH0-703

Paui Wade (20023, Helival Food

i Ariennes,

Bavmond 101999, Hefie Arsterng Ontingzaiion L i {feneth
degres thesis Virginia Pobvtechnic Institute and Rate i,,m
Yirginia,

VY

Craity i;iac;’{s{m;‘g,

.dnd 5O Cardosed 19963, Radiation Che

Bacteriztie of o sphericol belive!
- Proc-miiorow, Antennas propag., vol 143, Mot February 1998

b ?’mfém"i(m Characieristic

He {" Vi "s?’ &,

3

sterma, TRE Trans, On

Aprth 3,3 . pf} i‘% if?i

apafl, LML et el {19943 é?’in;z;’ i'{::ﬂo;'i z"\z* *"»fe"z ;‘m
Anpenns” Beport

P
Group, Virginia Tech

,aﬁ
reed
w\
PR
S
,,./‘
2
»?.o.
B
-7
=0
@S
el
joes
~
>‘

Tie fi".?ii and Kraus LI ‘{' i‘éci

selival nntermgs, PP

“The influence @ conducior size an i Jrupeeiips f

L

£, vo.i.g,,‘g,»«% Movember 1949

_ a2 dineardy rapered 1
ihi and fovee f;s'zgmm(z* beduwiour, Prog,

b

1y seciion-
:

You Hippel ed AR(1954y, Dieleprie i snsrerils and Applicario

76

o~




-~
‘-
&
et
=3
e
o
ot
b
P4
K
ol
e
oA
[
O
N2
5
A

wetond Geomeltsy

’;[,’}”i)z W Ansenna wé’e’s fruncited Spd
1t Vie : Unpversity, Blacksburg,

g podviechuic Instin

o

i i

wWhicle LS., Michielssen E. {1997, Geaeric 4dlgorittan Optin
rromagnelin: Ak newew “IERE i Antand pro

[

2fee S 'i rans, (3

wi

L
4141

Wong, WL and Chen WS (1990 "By of ai Internallv miu ff";ii?c'if Hetival be

aoteyaia” FERE Trans, on And. and j?’l”’!gu’i,_., vol, 39 , e 6, June 1991
np. S84,

1

%

Joand King HLE (1879a), © Sroodband Felivol dmergas, 7 UK. Paterd

4169267, Septenber 25,

King, HE {1970}, fﬁhmui;-:zfrez’f;zm. aney fielical ey, SEEE

fa

Wong, L a

Trons. Antenna propagste. AP 27 pp 72-8,

JE and Bing HLE (19973, “Charaeriztics of *"wz.(.z 35 i
Arweriis, -'&::”M;,ﬁa. '{3 Tech Rep, TR 30 Al
Jone 1997 or (fwm gpristion of 1 io 5 Waveles elival Ane

L
SHEED Trans Antonnas propagat, vol, AP2E, Ma fd?z FYUED, pp. 291180

A}%éi&

s Experinwat on Trisegndor Copper Strip as
2G5 H: Helivol Antensa, Master Thesis, IEEE Publication, pp. 16

SO S
SHEMGGHCE

>

our, Wang Chong . Zhang Qianyus (2007} Miseide lasiiute, Air
zza, Untversity, Sanyuan 713803, China)

Sy, and Kin-La Wong (2009 Dudgl-Band Plana
/ !.’.-"’,{-’ffzul ion. Depastiment of Electrical Engl
sity, Kaochstang 80424, Tatwan,

A

3
3




APPENDIX A

MATLAB CODE FORTHE COMPUTATION OF GAIN AND
ARIAL LENGTH OF KU-BAND HELICAL ANTENMNA
Yo meript fler Computation of the Galnoand Axial Lepgth of Ku-band

4 Axial Mode Helical Anienng

Yy Purpose:
Yo Tocomputs the gain and axial length of Ko-band axdal mode helical

Yo midenna, draw the curve and save the result

o Becord of revistons:

£

o Date Programmer  Desoription of change

LY & Y s SRR AL S
Y Drefine variahles:

2 GEy - Gain of the Ku-band angenna

g b - Aist Lenglh
57,

2

.

Yo {Clear soreen

o insert an artay of axial fength L]

f =050, 020

~
53




s

s Calovlate the gain (GRe) of the Kuband antenng

Gy = 1 ¥ g MBS L4773,

% Plot Curve
plot{df, GEu, t'n
wiabel S lambda {metre));

viabel (GRey

it of G (GRuy versus Axdal Leagth (1Y

grid on;
Yo Display resulls
fintiULy = 90500y, Liy

Tl K e = 958 40, Gl

-~ §
ey




APPENDIX B

MATLAB CODES FOR THE COMPUTATION OF PITCH ANGLE
AND AXIAL LENGTH OF KU-BA ND HELICAL ANTENNA

ipt file: Computation of the pitch angle and the axial Length

Q&
o

of Ku-band Axial Mode Hedica! Antenna

Y Purpose:

Y5 o compuie the piteh and avial tength of Ko-hand axial mode helical
Yo antenna, dravw the curve and save the resalt,

% Record of revistone

g Bate  Programimer Deseription of change

Yo 47BN B2 tlva Original Code

¥ Define variables
Yo alphal - Pieh angle o the Ku-band antenna

O - Axial Lengthl

“h GRy ~ {xain of the antenna

ertan arvay of the plich angle (alphat) of the Ky-hand antenng

Yo Insertan amray of gain {GRu)

o3
s




Yo {abeulate the axial fongth of the Ku-hond antenna

% Plog Curve

(Lhalphat vy

L3 bambda (menreyy,

S L
{degreeyy;

oot of pich {aiphal} versos Axist Lengh (LY

begend{'plich (alphal) Vs axial fength (LT

4.

Y Display resulis

= 8

Iy ‘.':-) ."g ?\ﬁ’, (}K i ;:

Pl




APPENDIN C

MATLAB CODES FOR THE COMPUTATION OF PERCENT
BAMDWIDTH AND PITCH ANGLE FOR DMFFERENT AXIAL
LENGTH

S Gheript filer  Clomputation of the percentage bandwideh versus  Pitoh for different axial

Length of Ku-band Axial Mode Helical Antonna

Sioat and save the resuls

R ¢ AT e I
% Bevord of revivions

% Date  Programmer  Description of change

7 TIIAIITILNMANIIININD ASANIIIIIITIIIIANIIIIIIIIIIINIAmIIIL SETIIIIIIIIINIII IIIIISI I TN IR I T el

S GG RZ. Thva Oaigral Uode

BT £ - Lipper frequensy
EE - Lonwer fregquency

“e  Lia ~~ Axial length for 0.5 lamda

% Lib - Axial length for 054 famda
o Lig - Axial ength for 1E2 lamds
s Lid - Axial fength for 4,13 lamda
o Lie - Axial tength for 6 lamda

b2 LIf - Axiad fength for 3 lanwda

“ Lig - Axiat lengih for 10 lamda

o Lib - Aodal length for 12 lamda




B Lid ~ Axial fength for 13 lamds
° Lij - Axial length for 14 lamda
Y perpentBW - Porcentage Bandwidth
Yo alphal - Puch Aungls

Yo Insert an array of pitch angle

S Loput the values of axial length (LD

% Lalcuiate the porosntBW

T3

perpentBWa = 2 3% glphal - 21 9Mog{Llay + 24,
percentBBWh = 2 3%aiphal - 21 9 og(Liby + 21

percemB We = 2 5%alphat -
percetBWd = 2 5% aiphat - 21.9% oL 10y + 21,

1

PG o S
oprcery B W s

$-d

Fabphal - 21.9%op{liey + 21,

\v\
\J H]
Y
=
)
-
Td
PN
£
]
Rl
Y
e
Py
[
317
i
o
e
-~

parest W= 2




perceniB ¥y = 2.5%alphal - 21 9% oLl + 21

afphal - 21.9%log(Lih) + 21,

pereentBWh = ]

sercent Wi =

% i
i
L

X
P
22
&,

=
P 1
=
=
i

2
o

-
o

3
i
=
—
e’

i
N
ot
”

percentB Wy = 2,

<

2
P

S

e

plotialphal perceniBWa, vy

xlzbel (Cibiteh {degreosyy

taipha porcentBWh, B

plotaiphal percetBWd, 'vo-i
hotd on;

oiot{aiphal perceptB We, 'n-""n
bisbd oy

plotinlphal porcentBWE ')

hold

PR e
plotiaiphal poreentB Wy, ke
hotd oy

kg

Haiphal percenBWh,

g,\ i

Lo it
priazts e

plot{aliphal percentB W, Ty

&
P>

Dversus pitch aogle (sipbaty’




aiphal perceniB Wi, R

feoerd COSTORA ] Q9 04 1 L ity s
524 .07, 84, 5_.8.;_,,4,5_;_.y{?58}’385.5‘.;!.5,”:2:2%4{}:

LA A S S
7o Display resudts

fprinti L] = %5 00w iy

IprndipercentBW = %% 4y, perecentB WY,
z s

e GG A8 3 B
ol = 953 A0 alphaty;

oo
53




APPENDIX D

MATLAB CODES FOR THE CALCULATION OF RADIATION
CHARATUTERISTICS

v Theory: Analvs
2 . i-ie;zcai Antenn

sis and Designe Second Edition,  Constantine AL

&.«"

ia{e" the radintion characteristics of a holical  amenny, both i the
Axial{End-firey mode. The radistion charscterisiios which are

Y 1 Mosroal Mods

%% 5, Piich angle aiphy (o degrees)
Y b, Axial matio (AR)
HPBW {in degrees)

1T

oo, PHregtivity ddimensionizas and in diBD

2

% 1h Axial {End-Firgy Mode

3, Pitch angle alpha (i degreesy

“u b Input upedance {oluns)

5oL Axial ratio (AR

Yo d. Relative phaste velocity matio p

% e HPRW {in degroes) (both approximate and numerical}

% FPMMW {3 degreos) (hoth approximate and numerical)

5 g, DHrevtivity {dimensioniess and in dB) (hoth approsimate and nemerival}

¥, Normalized rudiation pattern of hoth modes are plotted. To ger correct outpu, just foilow
duws instructions below,

&6




%% P hojee of output
f dnput §for Sereen omtput
% input 2 for File ourput

e of radistion mode

A\‘
N2
LN
e
oo
bl
-
<
-

25 Toput 1o sedect Nosmat mode

F Input 20 select Axial {Ead-Firey mode
9 Linput

_-/:';) ,,,,,,,, ”

9% a. Mumber of turps N

o~

S b Circumference of

loops C{in tambda)

% ¢, Spacing between turns 5 (in lambda)

%% For axial mode, also need o select and~fire mod
Y bnpot §to seleot Ordinary End-Fue

P

Y Input 2 to select HansereWoodyard End-Fire

Fo 4 0mtput
%% b Wormal Mode
g Pitch angle alpha {in degrees)

5o b Axial ratio (AR)

Vi, Divectivity {dimensioniess and in B}

%% . Plot the normalized radintion patlern {0 1o <64 dB3)




Yo i Axial {End-Fire) Mode
%% a. Pich angle alpha {in degrees)

Y b, Input impedance {ohms}

%% 4. Relative phase vedocity ratio p
Yoo HPBW {in degrees}
Y AL Approstimate (use Eqguation 10231

Yo B MNumerica! (found from pattern)

T L FNNW (n degroes)

pu)

AL Approximate (use Fooation 10-32)

-
i

Yo o B Numgrical (found §

4”

um paiters, set

W

%5 g Divectivity {dimensioniess and n di5)

5
o
b
2
=
=
o
...
fw
7
s
"«l 3

¥ AL Approximate (use Eqguat

% B Mumerical (ealoulated from equation DO=4%pi"Uimas/Prad)

%% b Plot the nonmalized radistion patiorn {in dB: 0 4o 66 6133

< program uses Tpolar dBuam” to plot the patternsh

Hoped ThinCe OF QREIPUE-emees B
frvint " Output deviee option: wuOption {1y SereennOption (2 Fi
ERE = 1.

Hie BRI~ ()

DEVICE = sieTnum{npuiteOuiput device = Jsin

VIO ==

o5
jed




elaetfl DIV

4t

FILMAM = input{Inpm the desired G owput flenome: Ve,
ERE =ik
else

frintf"nOviputting device nunther should be either | or 2w’y

Hpmnn ?ivim of radiation T
ERR =1
while{ BRI~ 6

i~

et S ELECT RADIATION MODE 'y
fprintf{{1 MORMAL MODER:

forintf'2y AQAL MODHE i

SELECT mode = stnumiinputSELECT = Vs

ForSELECT mode == 13, (SELECT mode == 7)

t2

=
S

case

B MOrmal mode s

forimtf"wiopuiin'y




forintf{ ey

A

o Eripust Turn R herse

ERE = |
white( ERE ~= (1)
W= ste2nony inpatd Mumber of ras N =g,

W o= round{INy

*w-’
A

i {isempty (™)

forintfn * %% ERROR: Pleass onter an integerlnin’y;

fprintifn ¥*% ERROR: The number has 1o be greater than #0an');

glserf (i > 140y

foritfhyy ¥ WARNING: Large turn number may cause wulii-lobe!

[sd¥ted

#d

Yo Fnptst CRroumdRrEnen OF {00 P8 sss s o

FRE =

farintin #** MOTICE: For Normal mode, © << lammbdan
forintii It is recommendsd that Cfambda <= PG ey
= sty Trumfinpui{ Circamference of loops C (o fambda) = Vs
if CiseptyiC

forigtfin 3% BERROR: Please enter an numberiinin'y

alseif {i. = {f;

58




P

fprfin P5% ERROR: The number has 1o be greater than Ohnin’y

adem
iy

Yo ENDE SPRCIE DODWERH (T s cmmmc s

ERR =

5 g
fprintfn 4% NOTICE: For Normal mode, 8 << lambday;

forintfi s it bs recommended that 3/ambda <= HERLERG TGN

L

5= sirlnamd input Spacing hetween furns S (in bmbda) =9y,

i {isempry( S
fprintfl'n *** ERROR: Please enter g numberfinin'y
elsatf {85 o 0y

fprintfin % ERROR. The namber has o be greater than 0lwin’y;

9

1]

%

%
v
o0
M
o

5

% COrTol

deltws te-20 %6 1o avold sigularity n caloulation

steprangtdelial

theta=angde ¥ pi/ 140,




10 1117 ER—

]

aipha=atan SACY 1 E0/pi;

Viwe B xi5E Rfioe--

S K 1 E——— e

{;\;:&cﬁ;li{{ A4 f“;/‘:\’«}a

ela ks % BElement facior

M=IFNG % Dmage due to ground plane

IR R cos{theta

Plresi 2y sindkest/ TN % Array factor

%6 Patern muth plicatin

=masiily

Lhmanss -

_AB=HM e lory:

P B

HEBW=angle(iyranglefi-11-2%angle {Index);
break:
end

s

e}
N




B ROy e s e
ntpgrand =L “sin{thela Y steppt/ 180,
Prod=2%pi* sum{integrand(d rounddleng integrand V20
DMp4*piUmax/Prad;

£ dB=1tlarl (D0,

W TR CUHR rmm s

fid = DEVHE;

Yhew-Eoho input parameters and cuingt computed Dardmeiersaemm e
X § &

it T HELIX MORMAL MODE ')

fprintf{fid "olnput paranigtorsdiesm e sesnoons X

frorif fd, "o Number of furns M= %3 00, My
fpringfU B, "eCicamderence of foops € (n fambds) = %66.40.CY

15, mSpacing between turns S (n lambday = %040 8y

y

ATy

(Hd,nEength (one-urnd L8 (in lambda) = %06.40 sqri(C 2 +570 1,

fprintfid Dol ength Conum2ste{M), “orn) LN (i lambda) = Yo 40 MW ¥ sqrtfCh2+8 210

printfi fid minCRiput pararmoiersiiivr r e 3

e

forim {1, wlicch gngle alpha (i degreesy = 906,41 alphay,
fpri i Fe A sial Ratio AR (dimensinaless) = W6 40, ARY,
Pt 1, HPB Y (in degrees) = 956,40, HPB W

Freim it i, nDirectivity{approximate) (dimensionless) = 1L.5)

»..3

form il wiirectivipy (approrimatey (s 48y = L7604
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