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Sammanfattning 

 
Dessa studier är utförda i uppdrag av SAAB AVITRONICS AB i Järfälla i form av ett 
examensarbete vid Kungliga Tekniska Högskolan i Stockholm. 

Uppgiften gick ut på att undersöka parametrarna som spelar roll vid konstruktion av radomer 
verksamma i bredbandiga applikationer.  

Detta var för SAAB intressant för att få en fingervisning om vilken väg man ska gå vid 
nyutveckling av radomer för nästa generations utrustning för elektronisk krigsföring.  

Efter en genomgående analys av de påverkande parametrarna så togs en optimeringsapplikation 
fram för att på ett automatiserat sätt få fram en radomdesign genom att föra in data på 
radomstorlek, luftlaster, material osv. Detta för att krympa tiden av det mödosamma jobb som 
radomutveckling innebär. 

Detta löstes genom att låta ANSYS beräkna hållfastheten hos radomstrukturen och MATLAB 
beräkna bland annat elektromagnetiskt data samt kostnadsmodeller för olika storlekar och 
material.  

Alla dessa parametrar vävdes samman med optimeringsverktyget modeFrontier som plockar data 
från respektive program och utför en optimeringsalgoritm för att sedan iterera ett steg och skicka 
tillbaka detta data till beräkningsprogrammen för att få ny inputdata. Till slut har vi fått en 
konvergerad punkt med vår optimala lösning. 

Vid problemformuleringen och avgränsningen som gällde för detta examensarbete så blev 
resultatet ganska intuitivt. Det vill säga att ju mindre radom – desto mindre materalåtgång och 
tillverkningstid resulterar till en så billig lösning som möjligt. Verkligheten är dock inte lika 
enkel. Där man måste ta hänsyn mer till de elektriska detaljerna så som effekten på sändaren som 
en stor faktor. 
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Abstract 
 
These studies are done in behalf of Saab AB AVITRONICS in Järfälla in the form of a thesis at 
the Royal  Institute of Technology in Stockholm.  
 
The task was to examine the parameters that plays a role in the construction of modern radomes 
operating in broadband applications.  
This was interesting for Saab to get an indication of which way they should go at the new 
development of radomes  for the next generation of equipment for electronic warfare.  
After a thorough analysis of the influencing parameters, a optimization application was made to 
get a automated way to get a radome design by specifying data on the radome size, airloads, 
materials, etc. 
 
This is to minimise the time of the laborious work that radome development.inply.  
This was solved by letting ANSYS calculate the strength of the radome structure and MATLAB 
calculate electromagnetic data and cost models of different sizes and materials.  
All these parameters woven together with the optimization tool modeFrontier picks data from the 
respective program and perform an optimization algorithm and then iterate a step and sends this 
data to calculation programs for the new input data. In the end, we have received a converged 
point with our optimal solution.  
 
For the presumptions and limitations for which applied for this thesis,  the result was pretty  
intuitive. That is to say that the smaller radome - the less materal is needed and lower 
manufacturing costs results in the cheapest solution possible. The reality is not so simple. Where 
you have to take more of the electrical details such as the effect on the transmitter as a major 
factor. 
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1  INTRODUCTION 

 
Radar equipment is often sensitive and needs protection against weather conditions and high 
speed flight. A radome is short for radar + dome, which is a cover that protects radar equipment. 
Radomes for military aircraft applications have higher requirements then ground based radar 
systems.  
 
The radomes analysed in this report is to be used on radar jammers, hence they need to cover a 
broadband frequency range, which makes the choice for material and wall structure more 
difficult. The reason for this study is that the next generation of electronic warfare equipment has 
to cover an even wider frequency range then before. 
 
The task is to develop an optimisation method for the initial radome design stage. 
 
The equipment requires the radome to endure the harsh environment from high speed flight but 
also meet the electromagnetic properties to meet the desired transmission for good system 
performance. These factors are to be optimised against weight and cost.  

 

1.1 Requirement Specification 
 
 

The following specifications was all determined in conversation with Björn Helge, Saab 
Avitronics. 

• The radome shall maintain its aerodynamic shape. 

• The radome shall withstand the air loads experienced in flight on a supersonic aircraft 
fighter e.g. JAS 39 Gripen without buckling or too high stress. Described in section 1.2 in 
this paper. 

• The radome shall withstand  handling of ground personnel 

• The manufacturing cost shall be kept minimised. 

• The radome shall meet electromagnetic property requirements to not get a maximum loss 
more than -3dB and the mean loss value under     -0.6 dB 

• The radome shall endure a temperature of  102 ºC  in continuous usage  

• The radome shall endure a temperature of 141 ºC for up to 5 minutes  

• The radome should have a low weight as possible 
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1.2 Applied Air Loads 
 
To get a proper mechanical strength analysis for the radome, it has to be exposed for some kind 
of external forces. The forces which are interesting for this case are the air loads experienced in 
supersonic flight with JAS 39 Gripen according to the requirement of specification. 
The loads used in this paper is based on wind tunnel testing described in the report 
X300/JAS39EBS. Supplement to MIL-SPEC Loads. Reg. No. GMFL-1999-0034 
 
 

X(m) DPYair/DX(N/m) DPZair/DX(N/m) 
0.100 640 1537 
0.200 854 2051 
0.300 870 2088 
0.400 687 1717 
0.500 203 1089 
0.600 -394 684 
0.700 -1171 268 

 
Table 1.2.1: The applied loads at specific instances from the radome tip 

 
 
Table 1.2.1 shows the forces in different sections along the x-axis of the radome. And Figure 
1.2.1 shows direction of forces and moment. These values are implemented in the ansys script to 
analyse and determine if the  radome cam withstand the air loads. 
 

 
Figure 1.2.1:Principal drawing of pod with definition of positive directions for loads. 
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1.3 Presumptions 
 
 
In order to do an analysis in a reasonable time span, presumptions has to be made to narrow the 
complexity of the problem. They are listed as follows: 

• Strength analysis is done with no consideration to rain or hail. 

• Electromagnetic calculations are written by presumptions that the radome wall is flat and 
outgoing radar waves have a normal incidence.  

• No considerations to the effects of reflections of the radome wall are taken. 

• Possible radome wall types are narrowed to either “thin shell” or “sandwich” in this 
study. 

• Thin shell radome thicknesses are only studied in a span of 1 – 6 mm. 

• Sandwich radome wall layers are studied in a span of 0.75 – 2 mm for the shell and 2 – 
10 mm for the core material. 

• The sandwich radome is only studied in a 3 layer type.  
 
The data and presumptions are decided in discussion with Björn Helge, Saab Avitronics for 
what is considered necessary in this case. 

1.4 Model Analysis and Parametrisation 
 
 
This report handles the front radome of the X300 Jammer Pod with air loads when carried on air 
craft JAS39EBS in supersonic flight. This is a similar radome as the one studied and therefore 
assumption is made that the same air loads can be used. For good results and easy optimisation 
handling the model had to be parameterised.  
 
The idea is to vary the part of the cone which is going to have the proper radome characteristics. 
This is to minimise the manufacturing cost and maximise strength.  The other variation 
parameter is the radome thickness. This needs to be varied to achieve a good optimisation 
between electromagnetic transmission for our desired frequency interval and the strength to 
withstand the applied air loads. 
 
1.4.1 CAD – Model 
 
The modelling was made in Unigraphics NX 2.0 and is based on the original CAD model of the 
U40 Radome. This model was quite unusable hence a new one had to be made from the two 
specified guide curves. In this case the radome tip had to be compromised as a very small flat 
surface to avoid singularity problems when creating the radome surface. Only an infinitely thin 
surface is modelled in UG. The variable thickness is applied later in ANSYS. This because it’s 
easier to define multiple shell elements in ANSYS, which is a necessity.    
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 The outer contours are left intact to not modify the aerodynamic characteristics. Only the outer 
contour surface was used and exported to ANSYS Workbench. 
The first idea was to specify a multi-layer structure directly in UG, and then vary parameters of 
layer thicknesses and materials in real time with modeFrontier. Trying this resulted in failure 
hence the combination of the parameterisation and multi-layer CAD-model build-up made the 
solution instable.  
 
1.4.2 ANSYS Classic 
 
A script file is written with all the nodes and elements extracted from workbench. The script 
calculates the thickness transition between the active radome part and the remaining structure see 
appendix C.  
 
Also the air loads are applied and the proper material and wall type is set here to get a correct 
analysis. 
 
 
1.4.3 modeFrontier 
 
All of the optimisation methodology was made in modeFrontier. This is an application that 
weaves all the other disciplines together. The theory about this is found more in detail in section 
2.6 
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2  FRAME OF REFERENCE 

 
2.1 Radome Theory  
 
The theory below of the function of radomes in general has been gathered from radomes.net, and 
conversations with Per Sjöstrand, Saab Microwave, Björn Helge Saab Avitronics and Sören 
Poulsen, ACAB AB 
 
A radome is a structure, protecting radar equipment from impacts of nature such as wind, rain, 
snow, blowing sand, ice and sunlight. The radome wall has to consist of a material with a low 
dielectric constant, often found among different polymers. There are different radome types for 
different applications. Ground radar is often surrounded by a spherical dome structure while 
airborne radomes have a more aerodynamic shape. 
  
A radome has to be constructed to suit the desired operational frequency range. This is done by 
combining choice of material with wall structure and wall thickness. 
Different wall structures have different characteristics. The advantages and disadvantages are 
listed in the table below. 
 

Radome Type Advantages Disadvantages 
Thin Shell Broadband Performance 

Material Variety 
Structural Integrity 
Easy to repair  

More expensive to manufacture  
Flexural Stiffness 

Sandwich Very stiff in flexure 
Light weight  
Easy to fabricate large 
Structures 

More complex structure 
Tuned to narrower RF band 
Harder to repair 
Most expensive 

 
Table 2.1.1: Table over radome types according to engineered-radomes.com 

 
 
The wall type ‘a’ called half-wave is not appropriate for this application since it only has a good 
performance for a specific frequency, and the problem at hand is to develop a broadband radome. 
 
Neither is the type ‘c’, honeycomb is used for the problematic analysis. 
The type ‘d’ can be used but is excluded in this optimisation analysis for easier modelling 
reasons, but should be studied in further and deeper analysis.  
This means that there are two types of wall type cases to use. Type ‘b’ and ‘e’.  
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Figure  Description 

 
2
λ  Style “a” 

Half-Wave Wall 

 20
λ  Style “b”  

Thin-wall 

 

 

Style “c”  
‘A’ Sandwich 
Lightweight Honeycomb 
or Syntactic Core 
2 skin Facings 

 

 
Style “d” 
Multilayer Sandwich 
Lightweight Honeycomb, 
Dielectrically loaded Foam  
or Syntactic Core, 2 or more
3 skin Facings or more 
 

 

2
λ  

Style “e” 
Dielectrically Loaded 
Foam Core Sandwich 
2 Skin facings 

 
Figure 2.1.1: Radome types 
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2.2 Material analysis 
 
There are a number of different materials suitable for this application [1]. The first and most 
important factor to take in mind is to choose a material that allows the most optimal 
electromagnetic properties. Other factors are good tensile strength and heat durability. 
 
The “dielectric constant” and “loss tangent” should be as low as possible, whilst the E-modulus 
should be as high as possible. The materials of interest are provided by manufacturer. The loss 
tangent appears as an imaginary part of the dielectric constant, i.e. E-glas/Civic599 below would 
be ( )0100.014.4 ⋅+⋅ i .  
 
Radomes can be made of either polymers or composites. Both have advantages and 
disadvantages. The polymers typically have better electromagnetic properties, but lack the 
strength properties that the composites possess. This makes them more suitable for smaller 
radome structures that aren’t exposed to as high mechanical demands as the size of the radome in 
this report. Examples of such materials are given in Table 2.2.1 
 
 

 
 
 
 
 
 
 
 
 
 
 

Table 2.2.1: List of polymers, with good electromagnetic properties, suitable for smaller 
radomes 

 
Some suitable polymer materials are listed in Table 2.2.2 below. This are the materials used in 
this paper. 
 

 
 
 
 
 
 
 
 
 

Table 2.2.2 List of suitable polymers 
 

The effect of the loss tangent can be noticed in figure 2.2.1 below 
 

Material Tensile 
Strength 
(MPa) 

Tensile 
Modulus 
(Gpa) 

Use 
Temperature   
°C 

Dielectric constant Loss factor 

Polytetraflourethylene 44.8 2.4 288 2.1 0.0002 
Polyethylene, UHMW 27.6 10 82 2.3 0.0005 
Polymethylpentene 27.6 1.4 121 2.12 0.0005 
Polystyrene 68.9 3.4 96 2.5 0.0001 
AMA 31 3.45 0.01 177 1.5 0.001 
AMA 32 2.8 0.01 177 2.2 0.0005 
AMA 33 55.2 2.1 107 1.25 0.0003 

Material Supplier Type Dielectric constant Loss factor 

Kvarts/RP13  Composite 3.07 0.0028 
Kvarts/Epoxy prepreg Hexcel Composite 3.20 0.0060 
E-glas/Epoxy prepreg Hexcel Composite 4.29 0.0100 
E-glas/Civic599  Composite 4.40 0.0100 
Rohacell 31 HF Röhm Skivor, Akrylimid 1.05 0.0008 
Rohacell 51 HF Röhm Skivor, Akrylimid 1.06 0.0011 
Rohacell 71 HF Röhm Skivor, Akrylimid 1.13 0.0018 
Rohacell 200 WF Röhm Skivor, Akrylimid 1.30 0.0079 
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Figure 2.2.1: The gap between the arrows shows the effect of the loss tangent 
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2.3 Optimisation Theory 
 
 
The optimisation of this problem is made with modeFrontier 4.0 which is a multi-objective 
optimisation software that can be used with most computer aided engineering tools (CAE) on the 
market. Data can both be imported or be directly integrated. 
  
When optimising a problem it can either be single or multi objective. If single, one might search 
for either the maximum or minimum of the objective function. If multi-objective, more than one 
objective is attempted to be optimised at the same time. For this problem, the latter is used. 
 
The optimisation starts by creating a “Design of Experiments” (DOE). This is a method for 
creating the initial data points that the optimisation algorithm is going to start from. It’s not 
likely possible to test all the parameter combinations if running a multi-objective optimisation so 
by creating a DOE, one gets as much information as possible from a smaller number of test runs. 
 
For the experiment to converge to something useful, an algorithm has to be chosen. Which one 
to use, depends on the problem at hand. In this case an algorithm called MOGA-II was used. It 
stands for “multi-objective genetic algorithm”. This is a genetic algorithm that uses the data 
points given by the DOE as an “initial population” which is randomly generated. The best 
individuals are evaluated, recombined and mutated to constitute a new population. 

 
 

 
Figure 2.3.1: The transparent marking illustrates designs belonging to the Pareto Frontier 

The evolution has to proceed until a satisfying “Pareto Frontier” has emerged. On this trade-off 
curve one can observe optimal solutions, designs in which one objective can’t be improved 
without detrimental influence on another. Mathematically all these designs are optimal and as 
good as any other. But practically the designer has to determine what is physically possible to 
realize, and which kind of solutions are desirable by his own [2]. 
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2.4 Electromagnetic Analysis 
 
 
One of the main goals is to optimise the electromagnetic transmission through the radome wall. 
This is calculated from Maxwell’s equations. Complete theory for this is given in [3] and only 
equations of relevance for this application are presented in this paper. 
 
All calculations are made with the assumptions that the wall is an infinite flat surface at normal 
incidence. And the permeability = 1 which means it’s a completely non magnetic surface [3] 
 
Declaration of variables: 
 

8
0 103 ⋅=c  Speed of light 

0
0

2
c

fk ⋅
=

π  Wave number in vacuum 

2

2

o

t

k
k

−= εμλ  where ypermitivit=ε  (material dependent), 1=μ  

θcos0kkz =  
22

0 zt kkk −=  

Thin wall 
 
The goal is to calculate the transmission and reflection coefficients that are given by the 
following expressions. 
 

χχ 2222
cossin vvpp rrR +=        (2.4.1) 

χχ 2222
cossin vvpp ttT +=                             (2.4.2) 

 
 
Where the perpendicular polarisation (TE-polarisation) is defined by 0=χ  and the parallel 
(TM-polarisation) by 2/πχ = . 
For circular polarisation, TE and TM are combined to 4/πχ = .  
 
 
 

vvppvvpp ttrr ,,,  are given by the following expressions. 
 

( )

( ) ( )λ
λ
θε

θε
λλ

λ
λ
θε

θε
λ

dkidk

dki
rpp

00

0

sincos
cos

cos2

sincos
cos

⋅⎟
⎠
⎞

⎜
⎝
⎛ +⋅−

⋅⎟
⎠
⎞

⎜
⎝
⎛ +−⋅

=      (2.4.3) 
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( )

( ) ( )λ
λ
θμ

θμ
λλ

λ
λ
θμ

θμ
λ

dkidk

dki
rvv

00

0

sincos
cos

cos2

sincos
cos

⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⋅−

⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅

=     (2.4.4) 

( ) ( )λ
λ
θε

θε
λλ dkidk

t pp

00 sincos
cos

cos2

2

⋅⎟
⎠
⎞

⎜
⎝
⎛ +⋅−

=      (2.4.5) 

( ) ( )λ
λ
θμ

θμ
λλ dkidk

tvv

00 sincos
cos

cos2

2

⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⋅−

=     (2.4.6) 

These equations are used in (9.1) and (9.2). 

Sandwich  
For a multilayer structure like a sandwich, the P matrix has to be calculated for each layer. Then 
all layers are combined. 

P = I4 ( )
λ

λ idk +0cos M ( )λdk0sin        (2.4.7) 

Where I4 is a 4 x 4 identity matrix and M is given by (9.8) below. 
 
 

M = 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⋅⋅−−

+−

0JkkJI

kkI0

t
T
t

t

t
T
t

k

k

22

2
0

2

1

1

μ
ε

ε
μ

     (2.4.8) 

Where 0 is a 2x2 zero matrix, I2 is a 2x2 identity matrix,  

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

14
3

7
2

14
0

0
0 k

k
k

tk  but when projected only 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= 0

0

7
2

14
k

k
tk  remains.       (2.4.9) 

 
J  is a rotational matrix 

⎥
⎦

⎤
⎢
⎣

⎡ −
=

01
10

J           (2.4.10) 

 
The total P matrix for all layers together is given by 
 

321 PPPP ⋅⋅=           (2.4.11) 
  
 

22211211 ,,, PPPP  is identified according to: 
 

⎥
⎦

⎤
⎢
⎣

⎡
=

2221

1211

PP
PP

P  Where each ijP  is a 2 x 2 matrix. 
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These are then used to get 22211211 ,,, TTTT  from: 
 

1
1221

1
1211112 −− ⋅⋅+⋅−⋅−= WPWPWWPPT  

1
1221

1
1211122 −− ⋅⋅−⋅−⋅+= WPWPWWPPT  

1
1221

1
1211212 −− ⋅⋅−⋅+⋅−= WPWPWWPPT  

1
1221

1
1211222 −− ⋅⋅+⋅+⋅+= WPWPWWPPT  

 
 
 
 
Where  

( )⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
××−= 222

0

1 IkkIW tt
z

z

kk
k        (2.4.12) 

Where ( ) JkkJIkk ⋅⋅=×× t
T
ttt 2  

 
Matrixes  r & t are given by: 
 

21
1

22 TT ⋅−= −r           (2.4.13) 
rt ⋅+= 1211 TT          (2.4.14) 

 
The  diagonal elements in matrixes r and t represents vvppvvpp ttrr ,,,  in (2.4.1) and (2.4.2) to get 
the final R and T coefficients for the sandwich structure. 
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2.5 Cost Analysis 
 
The manufacturing cost is an important factor. Radomes are mostly handcrafted and the man 
hours are the main cost rather than material costs [4]. The manufacturing technique is more 
complex for a sandwich radome. In difference to a thin shell radome which is coated on a male 
mould and then hardened, the sandwich has a much longer process. The first part, the inner shell 
is made like the thin shell radome.  
 
Then the core material has to be pre-shaped to fit the geometry of the radome, followed by 
gluing it on the inner shell. The second shell is then coated over the core and hardened again. 
Some of the sandwich complexity is that for optimal strength, the core shouldn’t spread all the 
way to the edge see Figure 2.5.1. Instead the outer and inner shells should be joined here by glass 
fibre. This is to avoid moist and strength deterioration, but even for making a hole pattern for 
mounting on the pod possible.  
 
This typically means that sandwich radomes are much more expensive than thin wall radomes 
which lead to one of the main tasks of this paper. This is to determine how much of the “cone” 
has to act as a radome, depending on where the antenna is situated and the size of it. The cost can 
be cut substantially if the radome is kept at a minimum size. 
 

 
Figure 2.5.1: A sandwich radome, the arrow shows the glass fibre end.  
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The cost is extracted from the expression below 
1 Layer 

40000320002 111 +⋅+⋅⋅⋅= ATPACostthinwall  
3 Layers 

( ) 500007204022 2211 +⋅+⋅+⋅⋅⋅⋅= ATPTPACostsandwich .  
Material price appear from the table below. The price is given fort 1 square meter with a 
thickness of 1 mm 
 

Material Supplier Price per m2 and mm thickness  

Quartz/RP13  3000 SEK 
Quartz/Epoxy prepreg Hexcel 3000 SEK 
E-glas/Epoxy prepreg Hexcel 500 SEK 
E-glas/Civic599  500 SEK 
Rohacell 31 HF Röhm 80 SEK 
Rohacell 51 HF Röhm 80 SEK 
Rohacell 71 HF Röhm 80 SEK 
Rohacell 200 WF Röhm 140 SEK 

 
Table 2.5.1: List of prices on materials used by supplier per m2 and mm thickness. 

 
 
Variables  
A = Radome surface area [ ]2m  
T1 = Thickness layer 1 [mm] 
T2 = Thickness layer 2 [mm] 
P1 = Price according to table 2.5.1 for layer 1 
P2 = Price according to table 2.5.1 for layer 2 
P3 = layer 3 equal to layer 1 
 
The radome surface area will vary according to the plot below. 

 
Figure 2.5.2: Curve illustrating how the active radome surface chances along the X-axis. A 
parameter important for the cost expression.

y = -0.7691x 3  + 1.4269x2 + 0.235x - 0.0032
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2.6 Optimisation 
 
The optimisation process in this study consists of 11 blocks. Ten of them have a common 
devisor, the central block called modeFrontier. This is the optimisation software that bounds 
everything together and gives us a result using an appropriate optimisation algorithm. 
 
Overview of the different blocks: 
 
● Material / input data  
This contains our different input possibilities such as different suitable materials, range of 
possible thicknesses, and radome size. 
 
● Ansys analysis  
An ansys input file runs in batch mode. The script contains a meshed surface model, thickness 
variation calculations and applied air loads. All this to determine if the structure can withstand 
the given demands. 
 
● Cost  
A matlab script with a cost expression provided by the radome manufacturer.  
 
● Electromagnetic analysis 
A Matlab script handles the electromagnetic computations. The thin wall radome and the 
sandwich are processed separately. In this case the analysis is very simplified and many 
assumptions are made. For instance, no considerations for the radome shape is taken, nor the 
angle of the waves generated by the antenna. Two parameters with a high importance for the 
electromagnetic performance. 
 
● Maximal Stress 
This is a constraint that limits the highest possible stress allowed in the radome structure.  
 
● Maximal Tip Deflection 
This is a constraint that limits the largest allowed tip deflection for the radome. 
 
● Least Accepted Transmission Loss 
This is a constraint that sets a lower limit of the least accepted electromagnetic transmission loss 
through the radome wall, as the bottom value throughout the frequency spectrum. The least 
accepted transmission at any point in the spectrum is -3dB. 
 
● Least Accepted Mean Transmission Loss 
This is a constraint similar to the previous one, with the difference that the mean value of the 
transmission loss cannot go below -0.6 dB 
 
● modeFrontier 
This is the optimisation software used to weave all blocks together and uses an algorithm to find 
the desired maximum and minimum for the objective functions. 
 
● Minimise Cost 
Objective function to minimise the cost with all other blocks in consideration. 
 
● Maximise Transmission  
Objective function to maximise the electromagnetic transmission with all other blocks in 
consideration. 
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Figure 2.6.1: Flowchart describing the optimisation process 
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3  RESULTS  
 
 
Results in this analysis can be separated in to different areas, sandwich and thin shell. The 
different results are divided in to separate sections. Mechanical, electromagnetic and 
optimisation results.  
 
3.1 Ansys results 
 
This is the results of the ansys analysis after applied air loads. The air loads used was taken by 
preformed wind tunnel tests, see section 5. The analysis was made on the 4 different chosen 
radome types chosen. The deformations are made visual by having a large scaling factor. In 
reality deformations can’t be seen, hence the impacts of the air loads are to small. This means 
that won’t be a dimensioning factor in this study. 
No analyses towards buckling or point forces are made. Buckling will be interesting at first 
where the air loads have larger impact than in this case. Point forces, from a ground drop or 
impact with a sharp object like a door post or a collision with bird aren’t studied either. 
This has to be a discussion with the client and made clear in the requirement specification if the 
radome shall be designed to withstand theses tasks or a new order should be placed at the point 
of the incident. See Figures 3.1.1 – 3.1.4 for the results. 
 

 
Figure 3.1.1: FEM model shows stress in 10 cm thin shell  caused by airloads 
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Figure 3.1.2: FEM model shows stress in 25 cm thin shell caused by airloads 
 

 
 

Figure 3.1.3: FEM model shows stress in 25 cm sandwich caused by airloads 
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Figure 3.1.4: FEM model shows stress in 60 cm sandwich caused by airloads 
 
 

3.2 Electromagnetic results 
 
These results will demonstrate how the electromagnetic properties vary between different 
materials, thicknesses and wall types. This is only to illustrate the phenomenon and not to give 
exact results. 
 
This is a fairly rough approximation where a wave approaches a infinitely flat wall surface at 
normal incidence. Therefore no regards has been made to other angles, the radius of the wall 
curve or impacts of reflections and how they may affect the antenna. 
But one can clearly see the different impacts between thin shell and radome structures. 
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Figure 3.2.1: A mean loss of -1.25 dB with a 10 cm thin shell radome. 

 
 

 
Figure 3.2.2: A mean loss of -0.16 dB with a 25 cm sandwich radome. 
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Figure 3.2.3: A mean loss of -0.17 dB with a 60 cm sandwich radome. 

 
3.3 Optimisation results 
 
The results in the optimisation speaks pretty  much for them selves. Our goal is to strive to the 
lower right corner. This is where the transmission is best and the price is low. How ever one can 
easily see that the cost difference between the highest and lowest point aren’t as much in relation 
to best and worst point in electromagnetic transmission. 
Maybe it seems that it is better to choose a design that is a little more expensive but gain 0.1 in 
transmission loss? 
 
The arrows in the figures below clearly points out some of the best choices in this optimisation 
outfall.   
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Figure 3.3.1: The design space for the 10 cm thin shell radome. Arrow shows the optimal design. 
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Figure 3.3.2: Zoomed-in design space for the 10 cm thin shell radome. Arrow shows the optimal 

design. Numbered designs are Pareto Designs 
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Figure 3.3.3: The design space for the 25 cm thin shell radome. Arrow shows the optimal design.  
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Figure 3.3.4: Zoomed-in design space for the 10 cm thin shell radome. Arrow shows the optimal 

design. Numbered designs are Pareto Designs 
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Figure 3.3.5: Zoomed-out   design space for the 60 cm sandwich radome. Arrow shows the 

optimal design.  
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Figure 3.3.6: Zoomed-in design space for the 60 cm thin shell radome. Arrow shows the optimal 

design. Numbered designs are Pareto Designs 
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5  DISCUSSION AND CONCLUSIONS 
 
 
There are a lot of aspects to take in to consideration when studying a problem like this. Many 
presumptions has been taken along the way to frame and specify the problem in to a reasonable 
scale. Every aspect of this study can and should be broken down in to smaller pieces and be 
analysed further for more accuracy and credibility.  
 
The task here was to develop an optimization methodology to optimize radome design and to 
take all different needed disciplines in account. 
The electromagnetic analysis has to me much more sophisticated if any real use shall come of 
this. The impact of the radome curve slant, reflections affecting the antenna, the angles from 
which the signal is being processed are all very important if not crucial parameters that have to 
be examined more closely.   
 
Unfortunately only a few materials were at hand with proper data and support from 
manufacturer. If a larger number of materials with a wider price span were included in the 
optimisation would probably show a more interesting variation. The cost model should be 
refined even further. 
 
As mentioned earlier, for a good optimisation requirement specifications must be absolutely 
clear before starting such a project. But now when the optimisation design and structure are done 
for once an for all it only remains to add, modify and refine or delete nodes that makes the 
system complete!  

. 
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APPENDIX A: SUPPLEMENTARY INFORMATION 
 
%Electromagnetic Properties 
%Reflection and transmission through flat wall 
%Robin Brorsson SAAB Avitronics 
%2008-03-26 
clear all 
clc 
c0=299792458;                              %Ljusets hastighet i luft 
hold 
vecd=[]; 
vecT=[]; 
vecf=[]; 
my = 1;                                          %Permibilitet 
for f=0.1e9:1e9/4:40e9              %FREKVENS 
k0=2*pi*f/c0;                                    %Vågtalet i luft 
     
e1=2;                                            %Dielectricsitets konstant 
e2=4.29*(1+i*0.0100);                     %Dielectricsitets konstant 
e3=1;                                             %Dielectricsitets konstant 
phi=0.0*pi/180                                   %vinkel inkommande stråle 
kz = k0*cos(phi); 
kt = sqrt(k0^2-kz^2); 
lambda = sqrt(e2*my-(kt^2/k0^2));               
d=.0025;                                         %väggtjocklek 
 
 
 
 
 
%%%%%%%%%%%%%%% Enkel vägg %%%%%%%%%%%%%%%%%%%%%%%%%%%% 
r1_pp = (lambda-e2*cos(phi))/(lambda+e2*cos(phi)); 
r1_vv = (my*cos(phi)-lambda)/(my*cos(phi)+lambda); 
r_pp = r1_pp*((1-exp(2*i*k0*lambda*d))/(1-r1_pp^2*exp(2*i*k0*lambda*d))) 
r_vv = r1_vv*((1-exp(2*i*k0*lambda*d))/(1-r1_vv^2*exp(2*i*k0*lambda*d))) 
t_pp = (1-r1_pp^2)*exp(i*k0*lambda*d)/(1-r1_pp^2*exp(2*i*k0*lambda*d))   
t_vv = (1-r1_vv^2)*exp(i*k0*lambda*d)/(1-r1_vv^2*exp(2*i*k0*lambda*d)) 
R_TM = (abs(r_pp))^2*sin(45*pi/180)^2+(abs(r_vv))^2*cos(45*pi/180)^2; 
T_TM = (abs(t_pp))^2*sin(45*pi/180)^2+(abs(t_vv))^2*sin(45*pi/180)^2; 
R = (10*log10(abs(R_TM))) 
T = 10*log10(abs(T_TM)) 
vecT=[vecT,T] 
vecf=[vecf,f] 
 end 
 plot(vecf,vecT) 
end 
enkelmedel = mean(vecT(1:end)) 
enkelmin = min(vecT(1:end)) 
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APPENDIX B: SUPPLEMENTARY INFORMATION 
 
%Electromagnetic Properties 
%Reflection and transmission through sandwich flat wall 
 
clear all 
clc 
c0=299792458;                             %Ljusets hastighet i luft 
hold 
vecd=[]; 
vecT=[]; 
vecf=[]; 
my = 1;                                 %Permibilitet 
for f=0:1e9/4:18e9   %FREKVENS 
k0=2*pi*f/c0;                           %Vågtalet i luft 
e1=4.23*(1+0.0248*i); 
e2=1.1*(1+i*0.0004);                                   %Dielectricsitets konstant 
e3=4.23*(1+0.0248*i); 
phi=0*pi/180;                                  %vinkel inkommande stråle 
kz = k0*cos(phi); 
kt = sqrt(k0^2-kz^2); 
lambda1 = sqrt(e1*my-(kt^2/k0^2));  
lambda2 = sqrt(e2*my-(kt^2/k0^2));              %våglängd 
lambda3 = sqrt(e3*my-(kt^2/k0^2));  
d1=0.0008; 
d2=0.0064; 
d3=0.0008; 
 
Kt = [0 0];  %för vinkelrät infall 
J = [0 -1;1 0]; 
M_1 = [zeros(2,2) -my*eye(2)+1/(e1*k0^2)*(Kt'*Kt);-e1*eye(2)-1/(my*k0^2)*(J*Kt'*Kt*J) zeros(2,2)]; 
M_2 = [zeros(2,2) -my*eye(2)+1/(e2*k0^2)*(Kt'*Kt);-e2*eye(2)-1/(my*k0^2)*(J*Kt'*Kt*J) zeros(2,2)]; 
M_3 = [zeros(2,2) -my*eye(2)+1/(e3*k0^2)*(Kt'*Kt);-e3*eye(2)-1/(my*k0^2)*(J*Kt'*Kt*J) zeros(2,2)]; 
P1 = eye(4).*cos(k0*d1*lambda1)+(i/lambda1)*M_1*sin(k0*d1*lambda1); 
P2 = eye(4).*cos(k0*d2*lambda2)+(i/lambda2)*M_2*sin(k0*d2*lambda2); 
P3 = eye(4).*cos(k0*d3*lambda3)+(i/lambda3)*M_3*sin(k0*d3*lambda3); 
P = P1*P2*P3 
P11 = P(1:2,1:2); 
P12 = P(1:2,3:4); 
P21 = P(3:4,1:2); 
P22 = P(3:4,3:4);  
Xsi=pi/4; 
W= kz/k0.*(eye(2)-1/kz^2.*J*Kt'*Kt*J); 
T11 = (P11 - P12*inv(W) - W*P21 + W*P22*inv(W))/2; 
T12 = (P11 + P12*inv(W) - W*P21 - W*P22*inv(W))/2; 
T21 = (P11 - P12*inv(W) + W*P21 - W*P22*inv(W))/2; 
T22 = (P11 + P12*inv(W) + W*P21 + W*P22*inv(W))/2; 
r = -inv(T22)*T21 
t = T11 + T12*r 
%R_TE_SW = (abs(r(1)))^2*sin(0)^2+(abs(r(2)))^2*cos(0)^2; 
R_TM_SW = (abs(r(1)))^2*sin(Xsi)^2+(abs(r(4)))^2*cos(Xsi)^2; 
%T_TE_SW = (abs(t(1)))^2*sin(0)^2+(abs(t(2)))^2*cos(0)^2; 
T_TM_SW = (abs(t(1)))^2*sin(Xsi)^2+(abs(t(4)))^2*sin(Xsi)^2; 
T= 10*log10(abs(T_TM_SW)); 
%R_SW = R_TE_SW + R_TM_SW 
%T_SW = T_TE_SW + T_TM_SW 
 
 
vecT=[vecT,T] 
vecf=[vecf,f] 
end 
plot(vecf,vecT) 
sandmedel = mean(vecT(2:end)) 
 
sandmin = min(vecT(2:end)) 
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APPENDIX C: SUPPLEMENTARY INFORMATION 
Thickness calculations in ansys: 
!****************************** 
L1=0.300000    ! Radomens l?gd [m] 
T1=0.003250    ! Radomens tjocklek [m] 
Tply=<VAR name="d1" format="0.0000E0"/>    ! (Ytter)lagrens tjocklek [m] 
T2=0.0080    ! Tjocka v?gens tjocklek [m] 
plymat=<VAR name="plymat" format="0.0000E0"/>    ! Skalmaterial   
   
coremat=<VAR name="coremat" format="0.0000E0"/>    ! K?nmaterial om SW2=2 
SW2=2     ! Radom i sandwich om SW2=2, massiv om SW2=1 
!****************************** 
 
L_cln=0.050    ! L?gd fr nos o akter som v?js bort vid utv?dering [m] 
N_points=19    ! Antal punkter p?kurvan/filen 
Ltot=0.770    ! Konens l?gd [m] 
Xmax=Ltot 
Xmin=L1 
N_seg=100    ! Antal segment l?gs radomen 
N_R=32     ! Antal tjocklekar 
Tcore=<VAR name="d2" format="0.0000E0"/> 
 
*dim,tt,array,N_seg,1  ! Tjockleks?skem? 
*dim,TR,array,N_R,1  ! Tjocklekstabell RealConst 
*DIM,Yx,table,N_points,1,1,X-Coord,Y-Coord 
*TREAD,Yx,'Kurvdata','txt',, 
 
*DIM,K1,table,N_points,1,1,X-Coord,Slope 
*TREAD,K1,DERdata,txt,, 
 
!Ber?nar skaltjockleken TT(x) 
VL=atan(K1(L1)) 
TT(1)=T1 
Vn=atan(K1(Xmin)) 
*IF,Vn,GT,0,THEN 
  Xthk=Xmin+(T2-T1)/tan(Vn) 
*ELSE 
  Xthk=2*Xmax 
*ENDIF   
*DO,II,1,N_seg 
  !Xn=Xmin+II*(Xmax-Xmin)/N_seg 
  Xn=II*Ltot/N_seg 
  TT(II)=T1+(T2-T1)*(Xn-Xmin)/(Xthk-Xmin) 
  *IF,Xn,GE,Xthk,THEN 
    TT(II)=T2 
  *ENDIF   
  *IF,Xn,LE,Xmin,THEN 
    TT(II)=T1 
  *ENDIF 
*ENDDO 
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