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[Abstract] high spatial—temporal resolution and fast scanning speed are the characteristics of phased array
weather radar. It can provide forecasters with three—dimensional flow field information covering the whole area,
and can respond quickly, which is more conducive to the observation of small and medium—sized severe
weather processes. The arc array antenna has a unique spatial structure and beam forming method, which can
obtain the spatial spectrum width in the range and azimuth directions to a greater extent. Scanning speed and
sidelobe performance are important indexes of radar system. On the basis of changing radial aperture radiation
function, low sidelobe is obtained by frequency scanning mode, unequal power divider scheme and hybrid
weighting method. Computer simulation proves the feasibility and effectiveness of this method.
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B BRI B T F B35 A B Arc array antenna has
the characteristics of being able to select the exciting
array element flexibly according to the desired beam
direction, which is more convenient to complete the
360° space beam scanning:”.ln addition, it has the
advantage of using beam—forming technology to realize low

. . . . [4-7]
side—lobe, beam scanning and multi-beam forming ™ ".
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H.Especially for the arc antenna array with large Angle
scanning, it has a low side lobe scanning beam, so as to
ensure the accuracy of the radar system in locating and
tracking the detected target,as well as 1its own
concealment.
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£5.So as to keep the aperture size of the arc array
antenna un—changed, the width of the main lobe of antenna
is not affected, but a lower antenna side—lobe level can

be obtained, the reasonable allocation and selection can

be realized by the combination weighting method of
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amplitude and phase weighting to the array excitation size
and phase configuration.
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M is the total number of the arc array antenna

(i=0,1,2,,M—1) (1

elements, @ represents the aperture Angle of the arc array

antenna is the Angle of the circular center corresponding

to the array along the arc direction
ST B AR R R RN N

P =(x,y,z)=(Rcosg, Rsing,0) )

R is the arc radius of arc array antenna.
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Arc antenna array directional graph function can be

expressed as:
M-

F(g:35) = 2 4 exp{jkR[cos(3,—¢) —cos(7-0) ]} (6)

i=0

A is the No. i element weight amplitude, k= 271'/)» ,

A is the wavelength of the signal.

Figure 1 Schematic Diagram of Radiation Model of Arc
Array Antennas
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According to the electromagnetic field theory, the

electromagnetic field in the rectangular waveguide system

changes according to the law ofez_yz, and the dispersion

equation can be expressed as:

K’=K’+y (7)
brh, KOl KON TAEMEL ¥ iR 4

K, = Zﬂfc\/ﬁ (8)

K =2rf\ue 9

y=a+jp (10)
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The propagation constant in the further rectangular

waveguide can be expressed as:

y=j2rf\ e - (11)

Ear, A AR K, A TR K
The characteristic impedance of TE and TEM waves in

the rectangular waveguide can be expressed as:

5 _Jou
4

(12)

The relative dielectric constant of ferroelectric
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materials can be obtained by using the propagation
constant and normalized characteristic impedance, which

can be expressed as:

2
«WEJ{% —j L (13)
Ay B B, A S, ¥ etk

TR, Zo A RS

By the ferroelectric material is filled in the
rectangular waveguide to realize omnidirectional beam
scanning by frequency scanning. The frequency scanning
model is shown in Figure 3.
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f= f()

Figure 3 Schematic Diagram of Frequency Scanning
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The spectrum of the output signal of the filter can

be expressed as:
S, (f)=S (LW (S)=S()H(S)W(S) (16)

The output waveform of the filter can be expressed as:

oo

S, (6)= [ 8, (£)W (f)e™"df amn

—oo

The schematic diagram of the amplitude—phase mixed
weighting process of arc array antenna is shown in Figure
4
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Figure 4 Schematic Diagram of Amplitude—Phase Mixed
Weighting Process
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The impedance of the input port of the unequal power
work divider is, Z, and the characteristic impedance

value of the output port 1/4 branch line can be

expressed as:

Zoutl :ZO \’K<1+K2) (18)
1 1

ZourZ = ZO e K+_ (19)
K K
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It is necessary add isolation resistance near the load
end on the branch line to meet the isolation degree of

output port, the resistance value can be expressed as:

R=Z,(K+1/K) (21)
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The spatial phase difference between antenna array
elements in the desired target direction 7 can be
expressed as:
360

j" [sin @, sin 7+ (1—cos 6,)cos 7| (22)
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The phase difference within the array between arc

Ag

array antenna elements can be expressed as:

A, = 27’”-,/1 -(4/2a)’ (23)
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The phase relation of phase weighting by frequency

scanning can be expressed as:

%OMZ [Sindsiny+1-cosg)cos7] =20 i 207 22 (2
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(25), changing the

y=arcsin

As shown in equation signal
frequency S(f= C/ﬂ-) could control beam direction of the
arc array antenna to 7 ,so as to realize the phase
weighting
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Phase of the antenna array is modulated by changing
the signal frequency. Phase change of array element is
superimposed on phase shift determined by antenna beam
direction. The direction of beam is still determined by
control signal of phase shifter but the phase weighted

control signal caused by the change of signal frequency

is added to wave control signal.
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