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Introduction

The impedance extension method (IEM) has been proposed so far, as a method for analysis of a
huge-scale periodic array antenna for power transmission from space solar power systems (SSPS)
to the earth[1][2]. Since the IEM is an approximate method based on active impedance properties
of elements in the periodic array antenna[3], the IEM can only be applied to the periodic array
antenna. However, periodicity of the array antenna can not be kept in the areas where antenna
elements are broken due to the trouble in feeding circuits or feeding cables. In this paper, it
is reported that the IEM is extended to be valid to a two-dimensional large-scale periodic array
antenna with faulty elements.

2

Local Admittance Compensation

The IEM is an approximate analysis method for a huge-scale periodic array antenna. In the IEM,
active impedance of elements in a small array is extended to that of a huge array. It is supposed for
the IEM that all elements in the huge-scale periodic array antenna are operating. However, some
faulty elements may exist in the huge-scale array antenna due to cable disconnection and damage
of a feeding circuit. It is thought that current distribution on faulty elements and elements around
faulty elements is considerably diﬀerent comparing with that of the normal elements. Therefore,
the IEM must be improved for accurate analysis of the huge-scale array antenna including faulty
elements.
As shown in Fig. 1, the local admittance compensation (LAC) technique is proposed to improve
the IEM for analysis of the array antenna with faulty elements. In the IEM/LAC, analysis of all
types of a small array having one faulty element is carried out and diﬀerence of active admittance
from the small array fully consists of operating elements is calculated. Then, the active impedance is
extended from the small array to the huge array, in similar to the conventional IEM. Finally, current
distribution of elements around the faulty one is compensated locally by using the diﬀerence of the
active admittance and feeding voltage. Since the LAC is based on the principle of superposition,
the huge-scale array antenna having faulty elements on random position can be analyzed.
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3.1

Numerical Results
Active Impedance

A two-dimensional periodic array antenna with ground plane, shown in Fig. 2, is analyzed by
the IEM/LAC. Size of a small array and huge array is Nxs = Nys = 50 and Nxh = Nyh = 200,
respectively. Feeding amplitude distribution is given by 10dB-tapered Gaussian distribution and
feeding phase is controled to realize main beam direction to (θmain , ϕmain ) = (10◦ , 0◦ ). Almost 10

% faulty elements are randomly distributed in the huge array. Size of a local array where active
admittance of elements is compensated is Nxl = Nyl = 9.
Absolute value of the active impedance of each element obtained by the IEM/LAC and conventional IEM is compared with that of the full-wave analysis in Fig. 3. The absolute value of the
active impedance obtained by the IEM/LAC agrees well with that obtained by the full-wave analysis. On the other hand, the absolute value of the active impedance obtained by the conventional
IEM is diﬀerent from that obtained by the full-wave analysis.

3.2

Error estimation

Error estimation for mainlobe and the ﬁrst sidelobe of actual gain obtained by the IEM/LAC is
carried out. Error of amplitude and direction is estimated by following equation.
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Error estimation results are shown in Fig. 4. From the results, it is found that the actual gain
obtained by the conventional IEM includes large error which is proportional to number of faulty
elements since the conventional IEM ignores eﬀect of faulty elements. On the other hand, error of
the actual gain obtained by the IEM/LAC is small. However, error of the actual gain obtained by
the IEM/LAC does not decrease monotonically when the size of the local array increases. From
the results shown in Fig. 4, it is known that Nxl = Nyl = 3 (i.e., 1.5λ × 1.5λ) is enough size of the
local array.
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Conclusion

The LAC technique is proposed to improve the IEM for analysis of a huge-scale array antenna
including randomly distributed faulty elements. Validity of the IEM/LAC compared with the
conventional IEM is shown from results of numerical simulation.
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Marks for active impedance.
: Operating element
: Faulty element
: Element close to
faulty one

All types of small array having zero or one
faulty element are analyzed by MoM.

(a) Analysis of all types of small array.

Ii + ∆I i =

Vi
Zi + ∆Z i

∆I i = (Yi + ∆Yi )Vi − I i
∆Yi =

I i + ∆I i

Ii

∆I i
Vi

(i = 1,… ,64)

Ii, Vi : Current or voltage of feeding segment in ith element, respectively.
Zi, Yi: Active impedance or admittance of feeding segment in ith element, respectively.
∆ : Difference from small array w/o faulty elements.
This process is carried out for all small arrays.

(b) Calculation for diﬀerence of active admittance.

Faulty element
to be compensated

Global
impedance
extension

Small array
(All elements are operating)

Huge array
(Including faulty elements)

(c) Active impedance extension to huge array.

Local array (Size of local array: Nxl= Nyl=3)
Element #a (Faulty)
Element #b (Operating)
Element #c (Faulty)
Local
admittance
compensation
(LAC)

I b + ∆Ib ≈ (Yb + ∆Yba + ∆Ybc )Vb
Current of element #b is compensated
by superposition of ∆Yba and ∆Ybc .

(d) Local admittance compensation.

Figure 1: IEM/LAC from 8 × 8 small array to 16 × 16 huge array.
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(c) Mean relative error of amplitude of ﬁrst
sidelobe.
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Figure 3: An example of active impedance of each
element.
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Figure 2: Two-dimensional cross dipole array antenna with ground plane for SSPS.
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Figure 4: Error estimation of actual gain.

