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Introduction

ÁMonostatic radar level measurements in the industrial environment

under harsh process conditions

ü Antenna insertion through existing nozzles

ü Challenge: Small diameters (dmax = 50 mm)

ÁConventional antenna classes

ü Conical metallic horns (with or w/o encapsulation 

by lenses) 

ü Dielectric rod antennas (made of chemically inert 

material, e.g. PTFE)

ÁAntenna requirements

ü Highly directive 

ü Extremely low Ăringingñ

ü Compact outer dimension

ÁFMCW radar technique (8.5 - 10.5 GHz)

Introduction & Motivation
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Introduction

ÁDielectric cylindrical inserts with tapered cavities [1]

ÁExcited by short flange-integrated metallic horns

ü Equivalent TE11 horn diameter: deq = 77 mm (single cavity), 111 mm (dual cavity)

ü Length reduction compared to optimal rod: ~50 % (single cavity), 27 % (dual cavity)

[1] G. Armbrecht, E. Denicke, N. Pohl, T. Musch, and I. Rolfes, ñDielectric travelling wave antennas incorporating cylindrical inserts with tapered cavities,ò 

3rd European Conference on Antennas and Propagation (EuCAP 2009), Berlin, Germany, March 23-27, 2009, pp. 3090ï3094.

ÁMajor drawback: Distinct axial length

Single cavity, 17 dBi Dual cavity, 20 dBi

Previous designs ïMultimode antennas
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Introduction

ÁDielectric rod as a length-independent concept well-known (HE11 mode excited)

ÁComparison of directivity efficiency (Sweep, 50é200 mm)

ü No further optimization of the taper geometry

~ 1 dB

ÁMode-controlled excitation of tubular eigenmode system

ü Tubes preferable for highly directive endfire radiation

Tapered rod vs. tapered cavity
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Analytical hybrid eigenmode analysis

ÁSolving Maxwellôs equations in cylindrical coordinates

ÁCommon approach for solid rod and tube

ü MATLAB based implementation

Reference values by analytical approach

ÁMajor conclusions:

ü NF: Thin rods are single-moded

Tubes with small wall thickness are single-moded

ü FF: HE1p hybrid modes have single beam in endfire direction (thus applicable for monostatic radar)

ÁField continuity at domain boundaries

ü Implicit solution of characteristic equations

ü Eigenmodes are derived by finding the roots

ÁType of eigensolutions (modes): 

ü Radial symmetrical TE / TM modes (H0p, E0p)

ü Hybrid non-cylindrical symmetrical (HEnp, EHnp)

ü Special: Fundamental HE11 w/o cut-off

HE11 EH11

HE12 HE21

Single beam 
endfire radiation
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Numerical hybrid eigenmode analysis

ÁSimulation of a dielectric rod made of PTFE (Ůr = 2.08)

ü CST MICROWAVE STUDIO (Vers. 2009, SP0), Mesh density - at least 20 lin/ɚ

ü Evaluation of Ădefaultñ waveguide port  & boundary condition settings

ü HE11 fundamental mode excitation (TE11 equivalent circular waveguide mode)

ü Symmetrical to xz- and yz-axis (E- and H-plane)

CST Performance evaluation ïLetós start simple

One-Port

lrod = 100 mm

Open Boundary,
Convolution PML

rrod = 11 mm

Two-Port

2p = 50 mm

2p




