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The Design of the Ka-band Lens Antenna for Navigation Radar on Helicopter

2 o o a7 2o ouz
Moon, Sang-Man Kim, Hyounk-Young Kim, In-Kyu Lee, Sang-Jong
2B AT oA

Kim, Tae-Sik Lee, Hee-Chang

ABSTRACT

In this paper, the radar antenna of navigation radar on helicopter was suggested to Ka-band lens
antenna. It is type of the streamlined convex lens to reduce the air resistivity when helicopter was
navigated. Although aperture area is smaller than the standard antenna just like horns, the gain is higher
and beamwidth is smaller than standard horns. We made the lens by using maximum flare angle of the
horn' and dielectric constant of the lens. As a result, when aperture diameter was 280mm and focal
length was 145mm, the return loss -21.25dB, the gain was 322dBi, E and H beamwidth was
1.8°(E-plane), 1.4°(H-plane), nearly 1.5°, and side-lobe level was -184 dB(E-plane), -19.5dB(H-plane)
lower were presented. So this suggested type can be used for the radar antenna of navigation radar on
helicopter, and it will possible just a little some sidelobe suppression by using the choked horn as a
feeder horn.

F271&80)(FA9]) : Antenna(¢tel}), Radar(F o)), Convex Lens(EE#@ =) Helicopter(d 2 FH)
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ojFR iR A FF7E ¢HYE JF 2
A2ZH FFN9 YA F7) AFE FPoE B
A Bk w2t F7IASE HUF Fo7] HA8iA
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(33 1] #2| EtAg ol oteube] ZHEF EHAlo|
of|(The sample of radar antenna on the
helicopter)
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(@) M= oteLtel WM T(y-z 2D)
(Lens antenna cut planely-z 2D))

(b)

[38 2]

A= otefLtel lx =(3D)

(Lens antenna structure(3D))

HotE oteLie] 7=
(Suggested antenna structure)
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[Z 1] @llolde] MA Al2HRadar design parameter)

OE s

R.. | HdEAA () Km
P, FAHFAY 25 Kw
A | BH(f=35 GHz) 0.00857 m

16~30 °%¢ | dBsm
(4r)? Chin 1984.4
-96~-106 ©]%} | dBm

31 o] dBi

(E 2] old ¢teLtel MA ZFxE(Design goal of
radar antenna)

Gain 32 dBi | ol%
E, H-plane Beamwidth | =15° o|5d) ule}
Side-lobe level -25 dB | °l3t
REturn Loss -15 dB | ol

$oMe) EUe o5 FANETE FA %2
224 (RCS 16dBsm HAEA 2371 -96dBm
o4 w)E 31dBi ol ololof Ik uhelM HA

FA719) #4145 E AdHsioF 31, ®49] RCS
8 I, 2~8KmW o] E4L BAste] Yt
AR o)FF APEZFE Y TS HALE 5
A= dolr et 8 & € Aotk & 144
T U9 Zo] A9 2 AR Jhed 79 Az i
7 RCSel tigh FEE st Jehlish =3,
HEZe e Baed #do] JleE2 AP oS
3 HEE T4 nsol It ol& HiEFeE &
2] B Alz="elA Bad duve] A Ex Al
£ SopstAT

3. HIx 87} & CHH|LIQ] MA|
7t BME Px o Mz 5F
B =794 AL & dEY= conical E E
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(@) gtAbE=Al(Return Loss)
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(b) 2rAlmi Ed(Radiation Pattern)
[23 3] BHotEL} S4(Feed Antenna
Characteristics)

Uz A flare angledl @&t AZ 24 Zo|(OL)7} &
e, zFdolet J+H AHAAZ=  quadrature
phase errorZ 13td HH| o]5& vehle 4%
7} Ak A B =R2dAe A4 AFEY
o] e #4Y A=2E g Aojx, E A
A Aol Za ¢ FA TEFEE HAstd 90° flare
angle$ ZYe wide conical horn-g ARg & Zo|th
E3 FAH BE choked horng AMEsle] & Ui
o} power X E W3} o 24 side lobe SAE =
239tk Choked horn9] A& AAE 13 3o
elfglch Az 4 d¥, 43 |9A] main lobel

A E planed] elevation W32 power 247} UA|
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BN Az deisth A% 4D g A
3 @& 238 3 Jehidsd, 40 2307
2] E, H power 27|17} A9 £2¢< & ¢ Utk 9]
= power B¥7} & flared] edge B57+A n 29
cosine ¥EE UEHIE & 4 313, o2 Tayler
Power Distribution®d@d Aloj=zr A7} 748
ALz RTHUS

Lf, =9 MA

A= dAle FEHA PPoE AAHNAY E
fielde] 42 YA F wiAzte] AA 2 A% B2
A5 183 Y A olFo] dojye #AE A
29 FEE ARG d7A, A EL 7]EY
WAgE Zo g ojol ¥ flare angle® A
gole] #ANeE 28 AAE IS AA A A
AA "Bad E flare angled 23 Zojgtozx @
29 IHE M Ve A2 HFsid A A&
A viZ golggiEtd 84 4 UAEE H3ch

I¥ 4= Az JuE &3] A3 Adxel
o d=2E B A= PHOE HRAE()E 262

-

Z AAMH
{Horn Flare) ()

max
= o\" .z
{Focal)0 = g
d
d | @2 %7 (Lens thickness) Path 123 [OT T T3
X 1=} e i
L& A3 @=9ke] 77 (Distance between Path 45 | OLRD

focal and lens center)

R | 999 XA (Arbitrary distance) Path 67 |OPQ

(38 4 #= =M MEZ JHHEEZ(The concept for
lens curvature calculation)

2 d3sgen, <y ZFHe] Aol 280mm,
233 ¢relve d=9ke Ayt 145mE AR SR
t}. ¢ J¥elX Zt RF 7AZ9 Zole RF gorm
2 4 % 2o

Path123 = Puath4b = Path67 (2

T, 7 path® o 4 Q2 Ul & Sl

1 L 1 R-L d—(R-I)
Ay cosf  X; cosb, Ao
L d L 1, d

o ®3)

N —)G Td-z cosemax )‘0 ’\0

cosf,; = l—isin29 4)

€,

ol AHzE w 69} 6,9 BAT 2 (4] Snell’s
LawZ A4318 9 A2 a3 ARy @ 4 Atk

g% A Q" 4 ) olgstd 2T A
L#} semi-flare angle(d,,.)#2 #AZ yehd ¢
Q=d; 4 (5)e A=z FA, 4 6)~(Ne g9 o)
3 W= IA Ao g 2ojck

NPT .
A= e,—sin29 (7

9 AL E flare angled] Hz} fH&S U
I A wE F4d #EE ¢ F Uve 2EL
QA Hu A Fagde SEHoT YA
3 fAEd wet F5AHA Hezn dA AR
ag dojHE uz ¥5 & F 3le FHYo=E X
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5. 719+ matching

o2 amejsol & AN FU)eh d=e] Hi
Holt}, o]H3 HYHAME Mt Yo EH&H
o] A7lx o]HF BALHL A WlE doth
kA ol g WALE HUg AAsfof gt B =
oA AMEEE #Holtd #4 HF £¥L 25Kw
2R $A4 wAlEE g Hulg dolop AT
VSWRo| Wzl 23 A ¥88 948 +
Aok olE &l F4IA E UlRs Azl HF
Holle WARS Fon, A= gRFHe IV
AgS 1e3te Aol o FL3H7d wuygA T8
AT wEkA, $4A BARE A5 YsiME )
74 AL o k=, AFHE FPol= diEg 371
A7k Qo ARE T A F3 W@ A9y
/4 33 FAZ2 F v Aol we= Rolth o]
AFRHo|Z AT, HHEI HFHEE NHEAY
Aethe Aol a8 H¥ do] ofd Aotk EXNZ

12 oA A E37t dojuxE d= ¥E =
e goltth o] A W= FA sl o3 Az
o] 3EojRE A%7F stk A AFA = F1EA
o EXS o HY €S ez FA g8
37) W&o ZAY & A7) JMFEde FAEEA
23t AAZe d=e FUide AAWY 22E
ZA3ste] Avte] AP vjde] JuAAE 2HI =
Ao 2R &3] FE(corrugation)S 2 HHol 3l
= o)HE FERE JHEFHAA i Azte] ZHEXA
ok g=o FEoZ Q3 HAWY FH d¥dx
w3z} gla, ol#d dydsrt F oajd Apeld]
Hdx vjAE o]Fo] WkAlule] #AE e
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w2 ANR duel ATHE 2o 72 2
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£ Ho|, FE £ ¢ 4 Fol ot =
de Fx3, o FEY FEE 9 B0,

€ Ng(BRAR)/4ZN 19m, FE 2HEe 4m, FF
Zo 24mz Pt Quide Y THB)
T3 27 100m, flare angle 45°, 73794 A
100mn, 74 5, 20, 50mnd) #AA A€y @A) F+=F
A & fFo mE WAEH 548 AlEFHAS
E3 g9ls) Holth AlEF )AL AF} FHAA ]
£ 2 AL AT @EFS 93 ARgstden, AHeR
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(@) &4 5m(FE F)
(Thickness 5mm
(without corrugation))

b) A 5m(FE &)
(Thickness 5mm
(with corrugation))

brmertone i

c) A 20m(F=E ) d) &M 20mm(FE W)
(Thickness 20mm (Thickness 20mm
(without corrugation)) (with corrugation))
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) TH 50m(FE 2)
(Thickness 50mm
(without corrugation))

f =A 50m(FE 7
(Thickness 50mm
(with corrugation))

(o8 5] d= %7 ¥ FE FFo wE HAREA
EM(The characteristics for return loss Lens
thickness and aperture corrugation)

A =FE CSTAM) Microwave studio 34Z A}
&3t

a8 594 yelligike]l FAVE FAY AFE,
AAHo2 dAlEAAN & Ae7t BolReH),
3pGHz thdez AAd F20] de B4 g9
A57 BolAE HAFuld ZAHAME -20dB ©]5He)
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ojdes EE W= A 2 FHE E dH
el Az &4, WAE Fo]7] % FEo TR
e HA 2 Aol AFS agth Aol
S 5% AFL fF vistd =377k & el
o mesh & F7td W& o] Brlsste] g A
Ag FE g 54& A Iuk A,
dA NFE 270 e AEH S vmTgozH
HE AZAdE M FEL Yol A Ak

2% 6ol e AEHolAS T8 At HAE Ut
ve) B4 etk 2 A3} whalede 2125
dBE UJEwth ole AT o] 25Kwd A4 vt
AL Age L1722 $4A HEoles o] o
157TW ol2Z FAd QR &y oje(-25dB
o4 isolation)$} AR Eoz 4.4 AL H
A8 doF §g uehdth dA FEAdE ol o
Eo] STCE o83 At 24dad $£4408 23}
7= o aglan AdHve] APEE 322dBi. E-
plane WL 18°, H-plane ¥1Z& 14°E JelQd
o1, side-lobe level® E-plane -18.4dB, H-plane
-195dB2 YEh o], & =FoA Atd FojuE
GEIUEHA AL 7h5E7] SJEiAe AlolEEEHE
w37 s AFE wjFHL o]Fo] E-plane ¥
H-plane Ale]=2 1R A7l & 83 & 5 )
KAt
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=8 AL FE71d 2714AM AHE F de
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S-Parameter Magnitude In dB
35

51,1:-21.25

33 338

M6

E:

Frequency | GHz

(@) HFAFEA(Return Loss)

36

(b) 2rAtEHE (E-plane)(Radiation pattern(E-plane))

(c} Ao & (H-plane)(Radiation pattern(H-plane))

(28l 6]

ote|Ltel SM(AlEd0ld Ha

(Antenna characteristics(Simulated))
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5 Z7h 2 WE ga¥ Aze] SHE olgdd
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14°% Yoy, Alo)le ZHE E-plane -184
dB, H-plane -195dBE YEeRHo] gutzel oA &
2 Alol= 2H #HWS JeplQAY, A7) 31
dBi °]%¢S F83} &3Sl 4 power S =
Ka-tig @718 9% F38 9= Az ALE 7}
e s

Alol=2H A= FHEE choked horn
S AggeEA R fieldilld power IS
Taylor®] nzt cosine HEJ(x45°7FA)Z2 ebS Al
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A7t e T3] A5 4 Aok a3, Wi
o] 2o ALFo 2R WA= dwe] FEL AHEE
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T 2o FAZE FANAE AA Fu oA
© HEgd 548 Yol 433 A7 HASE
g4 ARG HA AFRE FE FS Ag(FUYI

lo

60 / §x AL 7Ia e A] AlTH A45(2004d 128)

/AR 19m, FE 14
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FF, 4 AL B3 2oz 44 dPE A
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