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Design and Fabrication of X-Band Air-Cooled, Compact, and Lightweight
Active Electronically Scanned Array Antenna Unit for Aircraft Installation
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Abstract

To apply active electronically scanned array (AESA) radars to aircraft, such as light attack aircraft, unmanned aerial vehicles, and
drones, a radar system designed with a compact and lightweight AESA antenna device and an air-cooled heat dissipation structure is
required. This paper presents the design and fabrication results of the first domestic X-band air-cooled, compact, and lightweight active
phased array antenna device for aircraft. To dissipate heat from the AESA antenna unit by air cooling, a heat dissipation fin was applied
to the transmit - receive module, the main heat source, and the thermal stability was confirmed through thermal analysis and testing.
The effective isotropic radiated power of the AESA antenna unit was over 0O0.00 dBmi, its gain-to-noise temperature ratio was over
0.00 dB/k, and wide-angle scanning was possible up to +70°.
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Fig. 3. Block diagram of active phased array antenna device.
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Table 1. Measurement of antenna radiation assembly.

Component Design Sim. result | Meas. result
value
Fl 4.64 dB 461 dB
Gain Fc >4 dBi | 5.16 dB 5.01 dB
Fh 5.5 dB 527 dB
O< — —
. 0 _09< <748 723 (jB@ 8.97 (:B@
Max. active| 60 57.8 26.3
return loss o< - _
60°< f< <—5 dB 6.01 dB@ | —5.98 dB@
70° 70° 70°
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Table 2. Measurement table of TR assembly.

Component Design value Meas. result
TX output power >39.0 dBm 41.70 dBm
Pulse droop <15 dB 108 dBmglt;X pulse
Rx gain >28.0 dB Min. 34.59 dB
Noise figure <39 dB Max 3.71 dB
TX phase variation Possession Possession
RX phase variation Possession Possession
RX mag. variation Possession Possession
Beam calculate Possession Possession
Power consume Under 138 W 121.64 W
Size (WxHxD) mm| 123.5x76.0x62.240.2 | 123.45%75.99x62.1
Weight Under 900 g 820 g
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Fig. 8. Designed TR assembly and manufacturing shape.
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Table 3. Beam pattern analysis result table of all TR
assembly channel phase error.

Beam pointing
Theta | Phi
Tx/Rx | Wo error | —15.17 dB |27.18 dBi | 70.01° | 45.00°
uniform | W error | —14.71 dB |27.14 dBi|70.01° | 45.00°
Rx | Wo error | —27.85 dB |25.83 dBi | 70.01° | 45.00°
Taylor | W error | —26.90 dB |25.71 dBi|69.88° | 44.98°
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Table 4. Tx/Rx beam width and side lobe.

Az HPBW|El HPBW| Az SLL | El SLL
Tx |Sim.| 399° | 546° | —2267 dB| —21.76 dB
uniform |Mea.| 4.013° | 5363° |—19.886 dB|—21.184 dB
Rx |Sim.| 399° | 546° | —2267 dB | —21.76 dB
uniform |Mea.| 4.012° | 5358° |—20.679 dB|—22.441 dB
Rx |Sim.| 486° | 677° | —3429 dB| —32.97 dB
Taylor |Mea.| 4.869° | 6.655° |—31.961 dB|—29.632 dB
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Table 5. Comparison of radar antenna device’s size and
weight specification.

This work EL-2032 Ref. [7]
Depth 1 1.88 1.56
Height 1 0.86 1.57
Width 1 0.86 1.20
Weight 1 1.15 -
Cooling system| Air cooling | Air cooling | Water cooling
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