THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2021 February.; 32(2), 127 ~143.

http://dx.doi.org/10.5515/KJKIEES.2021.32.2.127
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

2715 Aelghg XY Low-Profile 55514 ket 47
2 77}

Design and Implementation of an X-Band Low-Profile Active Electronically
Scanned Array for Airborne Radar
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Abstract

The results of the fabrication of active electronically scanned array (AESA) antennas with low-profile, low-weight, wide-scan, and
thermal stability characteristics for aircraft-mounted radar are described. To reduce the size and weight of the antenna, a transmit -
receive block is constructed in a quasi-tile structure in which the radio-frequency circuit-related transmit - receive module is a brick
type, which is a flat structure, and the control board is a tile type, which is a stacked structure, to reduce the depth of the front of
the antenna. In addition, the depth of the rear part of the antenna was reduced by manufacturing power and plate-shaped control-related
modules at the rear of the antenna. The reduced antenna depth maximizes the effective isotropic radiated power (EIRP) and gain to
noise temperature (G/T) by enlarging the antenna aperture. The manufactured antenna can scan a wide angle of £70°. The cooling
efficiency is improved by using a dual cooling structure that allows the cooling water to pass through the front cooling plate and then
through the rear cooling plate. The EIRP of the manufactured AESA antenna is 104.04 dBmi, and G/T is 7.46 dB/K in Taylor weighting.
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H 1. AESA ¢tV 71, A5, 7ls, B AA #5
Table 1. The structural/performance/functional/heat dissipation
requirements of AESA antenna.

Design parameter Design value

> 700 mm(diameter) x

Structurel Size 250(depth) mm
EIRP[dBmi] > 103
Performance Uniform distribution:5.7
G/T[dBK] Taylor distribution: 4.3
Operating frequency X-band
Function Beam steering angle +70°
Comsumption power < 8,900 W
Heat Max operating degree <7C
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NENEE AR FER] el A5E 445,
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Fig. 3. Disassembly view of AESA antenna.
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Fig. 8. Radiating element array structure of AESA antenna.
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Table 2. The RF budget of transmit path.

Main element Gain(dB) Output(dBm)

Cable —0.5 9.5

T it 44,
Driving I\;ansrm 1 er 35 5
cireuit card| o PUS —9.5Y 35

comparator
Cable —1 34
RF manifold(16:1) —15.5% 18.5
(R _ 3)

TR block RF div(8:1) 115 7
TR module 34 41

1) Dividing loss 6 dB ¥3.
2) Dividing loss 12 dB X%
3) Dividing loss 9 dB %3},
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H 6. AESA otelu 2EW 22 budget
Table 6. Power consumption budget by AESA antenna

module.
Consumption power per module
Consumption
Element power[IiV]
(Tch?aiifS 7.095
TR block RF assembly board 0.85
TR controll board 1.25
Antenna control circuit card 12.5
Antenna driving circuit card 37.96
Sum of antenna consumption power 7450
A9 11562 We 72 4 9tk F4UES AEAY
115.62 Well SFA1E5 719 645 38k, SHel|vhA| 01 3
Z7FE 125 W gty 753 27HE 37.96 WS 9eld
T 2RAY gl 7450 Wb HolM 14 FX #
8900 W °latE w=ah= AL Rl & itk
AESA <HeU Alofe] 39 75 119 129F o] A
EWZ]ETH HEE FAIA Qe A W BE
2 Aofaks Roltk B £4 F WAL S|4l
WYY 2 RS Astel $4AREY Y 218

Aol gk,
AR A WA )5S
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Fig. 12. Control structure of AESA antenna.
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Actlve Retum Loss(Simuiatlon)
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Fig. 19. Prediction(up)/estimation(down) of maximum active
reflection loss(center element).
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Transmit AZ Steering Simulation Result
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Fig. 20. Predicted transmit azimuth beam pattern (1D cut).
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Fig. 21. Predicted transmit elevation beam pattern (1D cut).
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Receive AZ Steering Simluation Result
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Fig. 22. Predicted receive azimuth beam pattern (1D cut,
Taylor weighting).
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Fig. 23. Predicted receive elevation beam pattern (1D cut,
Taylor weighting).
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Table 7. EIRP prediction of AESA antenna.

Element Output/gain Unit
TRM output(l channel) 41 dBm
TRM Num 30 dB(1,016 ch)
Antenna FL 34.6
aperture gain FC 35 dB
(M&S) FH 35.5
Ohmic loss —2 dB
FL 103.6
EIRP FC 104 dBmi
FH 104.5
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Table 8. G/T prediction of AESA antenna.

Element Output/gain Unit
FL 34.6
Antenna =
aperture gain (M&S) EC 3 aB
F H 355
Noise degree 29.48 dB
FL 512
G/T FC 5.52 dB/K
F H 5.87
&% (T) = Ty* (Noise Factor—1) +170 (3)
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Fig. 24. The implemented single radiation element.
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Fig. 25. The implemented radiation element assembly.
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Fig. 27. Near field test setup(transmit path).
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Fig. 28. Near field test setup(receive path).

Transmit AZ Simulation/Estimation Comparison Result
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Fig. 29. Predicted/estimated transmit azimuth beam pattern
(1D cut).
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Fig. 30. Predicted/estimated transmit elevation beam pattern
(1D cut).

Receive AZ Simulation/Estimation Comparison Result
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Fig. 31. Predicted/estimated receive azimuth beam pattern
(1D cut, Taylor weighting).
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Fig. 32. Predicted/estimated receive elevation beam pattern
(1D cut, Taylor weighting).
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Table 9. Scan loss design value/estimated value by angle
of aesa antenna.

Component/degree 45° 60° 70°

Design value <25 dB|< 40 dB|< 5.6 dB

AZ | 131 dB |3.15 dB|5.12 dB
EL | 145 dB | 2.63 dB | 422 dB
AZ | 1.17 dB | 2.84 dB | 4.81 dB
EL | 139 dB | 2.54 dB | 4.11 dB

Transmit
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Table 10. EIRP measurement of AESA antenna.

Freq, Design Yalue Simulation. value Measuremegt value
(dBmi) (dBmi) (dBmi)

FL 103.6 104.04

FC > 103 104 104.39

FH 104.5 105.17

H 11. AESA ¢HIY GIT A%
Table 11. G/T measurement of AESA antenna.

Freq, Design value | Simulation value | Measurement value
(dB/K) (dB/K) (dB/K)

FL 5.12 7.83

FC >43 5.52 7.46

FH 5.87 8.65
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