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Design and measurement of the first Iranian sandwich Radome panel for C
- band weather radar application
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Keywords Abstract

Radome The antenna radomes have been developed to protect antenna systems against harsh environmental
Weather radar conditions, with the most electromagnetic transparency. The wind speed of 220 km/h, -40 to 65 degrees
Sandwich panel Celsius of temperature deviations, 90 % of relative humidity (RH), protection for UV radiation and finally,
Buckling one way electromagnetic loss of less than 0.3 dB along with the maximum difference between vertical and

Insertion loss

horizontal polarizations of 0.05 dB are the main requirements of the weather radar radomes. In this paper,
engineering design and experimental studies of some samples of the first sandwich panel radome of C -
band weather radar, including manufacturing process, buckling and electromagnetic experimental tests,
have been briefly explained. In the material selection process the environmental requirement have been
considered. Evaluation of mechanical stability of the radome under wind pressure has been studied in
experimental buckle tests and finite element analysis with ABAQUS 6.12. Insertion loss test in anechoic
chamber was done to evaluate the transparency of the sandwich panel samples. Buckling tests show that
the manufactured sandwich panel can oppose safely with 190 N buckling load. Electromagnetic insertion
loss tests of the manufactured panels show that the one way insertion loss and its difference between the
vertical and horizontal polarizations, are in the range of the required limitations.
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Mokhtari, M., Nazari, F., Taherkhani, M., Aliakbarian, H., Radiom, S., “Design and measurement of the first Iranian sandwich Radome panel for C — band weather radar
application”, In Persian, Journal of Science and Technology of Composites, Vol. 6, No. 2, pp. 234-241, 2019.
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Fig. 1 Weather radar samples and weather radar sandwich panel typical
joints [9,10]
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Fig. 4 Insertion loss comparison between simulation results and theory
in a three-layer wall

Y e S 0 698 5 Gl A @l 6l 50 Sl aglio 4 SIS

Lopgoly ol o 6oy Lk sloell sl (o)
51 Zlsel 506 sl 0.050B _plad L1 5 0.30B (5,508 <l Cysgome
i et lie oyl 0 el ond 43,8 Ll o il pgol,
pooly (Phb slasally plpie 4 () g atun) DU 5 pgol; laay
R ol p ez i g Culre i Sl eud (o n
sl 0 iy 1 0.3UB S 3 Wl sliy 5 690 il e 35 o

08 sloass, cubrs o oo 15 atin cubrs b ougniln o
oIl (s pzge gy 5l eoliul b a8 3 S SUl (68 S L) ol
psoly b (el [13] 255 a5 S (60 oy 5 (ol 0 (6565
Lol ool ol

Cabrs by an glaiges glp atnn Cubs oss 50wy
63 wre 525 L pln dies S0 o s 08 Sl
il 4t @l Gillae coal 5 IS Gllae 3Ll laays, S 2SI
Sy ol g (il B il sl s Sl I L cend gl
e Gl (e 2l tals

Slaiges slp gm0 SOl Ol p dtan SO 68 Sl ST (o)
5 ro ko 0.8 sloass, culrs ya lw 15 atin Cwlbrs L@l 4w
@ Sl i b4 el 6 S5 ilhs 3 baayy, S pSlls o

2 Insertion Loss (IL)

AT A

o) Sl s @lddlen (mpblieg SISl 5 Slas 5 05,
el ale IS olalezdl (ol pesly 1 il sy sl o
olfis Ky 45 el Sl e (5508 <8 [9] 05 oo iy Caren! (5506
8l pl pgoly (b jo s s caws 3l gye8 ed b Jll b S o
o Sl pooly by Sl e ST 5o amdy Cews 5l JUSew ok pogde 4
tslae &g (gy9me Sl 29bign ol g 925 can  Logac

H2JS8) 05 on o (1)

Es

ET) ady
Sl ls uilasl 5 by iSUlss <ol b olalams 5l zse soe b

2 USs) ogi e uSaie il 5 00,5 jare zlaal 5l iy Lo walise
M2 plagel gdy —dicubs 4 S8l 6o gaY S sl
Slawe My S uilasel g dy e L 2 S 3ilae) 3 5 1 slalams
Locwl g Olxao ;o 4l sz globsl axs dhasxs 0 50 IS
bl 5 (Sl glaplaee oS pie Jab o (5550 Laulpl Jlesl
OlFse e 12 50 blae dls bl ouls ailre Laxe 2 y0
SopSIl Glose 45 5 lae 4 (5900 é}ﬂlol%ﬁw)i—;,::Tw
1 b 205, (SoaS Glase i) 5 =Ty (1 e o2
o e (18 Guilasel 1YL Ly, oled 5o akied bama il ooy

IL =-20 log(

_Jﬁ_ 1

T e ¢ @)
Sl g Pk slayell 4 pedly LSl Conls (o) Coa
plsl ¥ aw pgoly So (sl CST 131 a5 0 alagsle 4t wilize
Callas ouds plxil g5le At 5 (6,95 Joo G dslie Lol ool
G0 Al S ol plal (gl At o e e i mls e |y et
08 L plp d 52 slalome cubrs L3 JSo asle a0 aw S x5JI
S 0 (dy =15) jiewdis 15 3 lame s g jienls (dy = 0.80)
&J,SJ‘&Q WL)J‘JJSBJ. 6L€b.‘a...7u LSJ)-AS.” ) wbw‘o.\m 433;

A g 5,08 @l dwlie .l ool a8 S L g, =255 553

205 800 5 (6,88 @S m e Gkl gesaslis 4 S o g5l
Ll g5k Joe anl B ool coly

Mo
n

AAL

I=0 Z=d,

Fig. 2 Radiated and reflected fields in each layer of three-layer wall
environment
Lo o 0 SU5L g il slagylone g Y dw ass 2SS

! Insertion loss

J 92018 59U 9 ool &y s

('Y

236



Vbhes 5 Golike duzo

solbl g Jlshy sl ol 2l C b sl ro).)|) Ji a5903 sl G50l o alb

-h
tace sheet

0

-0.1
—_
2
=
z2-0.2 ~
= N, =~ ~
- N, ~
= s
=] .
= ={.5 N
=
Z
=

h ={.
face sheet

0471 hface sheet:0°7
face sheet= -8
-0.5 . : .
4 5 6 7 8

Frequancy (GHz)

Fig. 8 The effect of increasing the face sheet thickness on S21 (CST
results)
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Fig. 10 Wind speed iso — velocity contours around the radome
structure exposed to wind 220 km / h
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Fig. 11 Pressure distribution on the surface of the radome caused by
wind speed 220 km/ h (Max. positive pressure 2273.81 Pa, Max.
negative pressure 3898.43 Pa) (Above: facade view the wind; bottom:

back view to the wind)
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Fig. 14 An overview of the vacuum bagging process used to produce
radome samples [17]
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Fig. 19 Insertion loss in the vertical and horizontal position and the
polarization difference of panel A
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Fig. 20 Insertion loss in the vertical and horizontal position and the
polarization difference of panel B
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Fig. 21 Edgewise compression set — up and failure sequencs of
radome sandwich panel
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Fig. 22 Force — displacement diagram of the both A and B radome

sandwich panel samples during edgewise compression test
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Fig. 16 Sandwich panel samples (300 mmx300 mm) manufacturing
process by vacuum bag process
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Fig. 17 Hand lay — up made sandwich panel sample prepared to
electromagnetic tests
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Fig. 18 Test set — up for free space test in the antenna lab.
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