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Abstract—The reduction of the total computational over-
head in the design of complex geometries, such as modern air-
crafts, is a very challenging problem, particularly when elec-
trostatic fields (ESF) for lightning protection, are considered. 
To this aim, an efficient ESF evaluation scheme, based on the 
nonstandard finite-difference time-domain (NS-FDTD) method, 
is proposed. Combining the total-field/scattered-field (TF/SF) con-
cept with a distinct sine-wave form, the novel technique cancels 
the accumulative errors caused by the static field component. 
Numerical results reveal that the featured method enables the 
use of high-frequency discretization models to ESF problems, 
with notable accuracy and seriously decreased design costs.  

Keywords—FDTD methods, nonstandard (NS)-FDTD tech-
niques, numerical analysis, radar cross section. 

I. INTRODUCTION

There are many electric evaluation issues when it comes 
to the design of an aircraft. Amid them, lightning protection is 
a crucial safety factor [1]-[3]. So, to avoid the risk of light-
ning strikes, the electrostatic field (ESF) strength around air-
frame must be analyzed. Typically, the finite difference tech-
nique or the finite element method are employed for the static 
analysis [4], while, physical optics and the geometrical theory 
of diffraction [5] treat high frequency scenarios. On the other 
hand, for medium frequencies, the finite-difference time do-
main (FDTD) algorithm could be a solid choice [6], [7]. Thus, 
for wideband designs, several of the prior options should be 
combined, leading to rather inefficient implementations, ex-
plicitly for 3-D real-world applications. Not to mention that 
such combinations usually lead to excessively large numerical 
calculation models, i.e. discretized lattices, that can hardly be 
handled, even by contemporary computational systems. 

In this paper, we present a rigorous ESF calculation tech-
nique via the 3-D NS-FDTD method, that is a high frequency 
analysis tool, to treat all the electrical design requirements of 
an aircraft. However, the NS-FDTD method is applicable to 
only one preset wave (and not a dc) [8]. Hence, we introduce 
an adaptable procedure utilizing the total-field/scattered-field 
(TF/SF) separation model [7] as a source of the ESF and a 
tuned input wave form which cancels the accumulative errors 
generated by the dc component. Our algorithm is validated 
via the analysis of a perfectly electric conductor (PEC) 
sphere [9]. It is shown that the proposed method can success-
fully extend the application of high-frequency discretized 
grids to ESF computations, reducing significantly the system 
resource costs in the electrical design of realistic problems.  

II. THE ESF EVALUATION METHODOLOGY

A. Incorporation of the Input Wave Form
To embody the NS-FDTD method in the ESF analysis,

we adopt a modified sine-wave form with a dc component as: 
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where t is the time, ω the angular frequency, r the TF/SF 
separation position vector, and knum the numerical wave-
number. Furthermore, Tw = m(2π/ω) is set long enough for 
the incident wave Einc to fully cover the TF/SF separation 
area, with m a natural number. The second and third branch 
in (1) correspond to Edc = – 1 and Edc = 1 in the time average, 
respectively. In fact, the second Einc term is the prior calcu-
lation part for the accumulative error owing to the dc-
component in 0 < t ≤ 2Tw. Its error is used to cancel the cor-
responding error in the third Einc term of (1). The time dia-
gram of Einc, during the aforementioned procedure, is de-
scribed in Fig. 1, which indicates that the ESF observation is 
performed after the period of 2Tw, via:
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So, the total amount of calculation time-steps in our scheme 
is (2Tw + T)/Δt, unlike in the usual pulse response analysis 
where end time-steps can not be set beforehand. Additionally, 
the use of the TF/SF separation model, as a field source, per-
mits the generation of along arbitrary directions. 

Fig. 1. Time diagram of the Einc field for the proposed ESF evaluation. 

B. Verification of the ESF Calculation Scheme
The theoretical solution for a PEC sphere, of radius a and a

smooth surface, placed in a uniform ESF, is given by [9]: 
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where E0 is the applied ESF, r the distance from the center 
of the sphere, and   the angle in spherical coordinates. 
Note that the electric potential of the sphere is 0. Using (3), 
we examine the ability of our scheme to treat the specific 
problem. The sphere is discretized into cubic cells of width 
Δ and is set at the center of TF/SF separation area. Moreover, 
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the incident field of (1) propagates along the x axis with 
θ = 90ο, φ = 0ο, Tw = 3600Δt, and Δ = λ/10, with λ = 1 m and 
Δt = (ω/2π)/36. In this context, Fig. 2 illustrates the behavior 
of the Ez component, indicating that our ESF evaluation 
scheme, combined with the NS-FDTD method, is in excel-
lent agreement with both the FDTD technique and the theo-
retical solution of (3), for E(a,0) = 3 V/m. Moreover, the 
NS-FDTD approach is more accurate than the FDTD one in 
the vicinity of the sphere surface. This fact proves the supe-
riority of the new formulation over existing methods, lead-
ing to the conclusion that the featured ESF evaluation 
scheme can be deemed a powerful tool for such problems. 

Fig. 2. Variation of the ESF (Ez) component vs. distance (along the z-axis) 
from the sphere center, derived by various methods. The applied field, with  
E0 = 1 V/m, is parallel to z axis. The theoretical values via (3) are shown for 
the cases of a and a + Δ, since a discretized cell model has an ambiguity of 
one Δ in the FDTD algorithm. The TF/SF separation area size is Lx,y,z = 290Δ. 

Fig. 3. A realistic aircraft model discretized by 9449 cubic PEC cells. The 
tail wing is placed at the center of the cylinder, while the main wing 
position is one Δ beyond the tail wing towards the z direction. The cylinder 
lies along the x axis and the main wing along the y axis. 

III. APPLICATION TO A REALISTIC AIRCRAFT DESIGN

Next, we apply our method to the ESF analysis of a real-
world aircraft model, as depicted in Fig. 3. All lattice cells 
are PEC cubes with a width of Δ = λ/20 and λ = 1 m, whereas 
the applied ESF magnitude is tatic 1s

zE   V/m. In this problem,
we consider a TF/SF separation area with Lx = 210Δ and 
Ly,z = 160Δ, illuminated by an incident field traveling along 
the x direction through (1) for Tw = 7200Δt and Δt = (ω/2π)/72. 
Numerical results are given in Fig. 4, together with the 
FDTD ones, for the sake of comparison. A very satisfactory 
coincidence may be promptly detected, while the demanding 
ESF concentration on the wingtips is simulated very well 
[10]. Also, as noted in Fig. 2, the NS-FDTD technique is 
more accurate than FDTD one, since NS-FDTD FDTD

z zE E . From 

this fact, it is deduced that we can successfully obtain the 
ESF solution by means of our evaluation method using the 
high-frequency discretized cell model directly in the 3-D NS-
FDTD method. Therefore, the proposed algorithm can dras-
tically reduce the total computational cost of the design pro-
cess, even for rather complex applications, such as the static 
field analysis of various aircrafts, with electrically large size, 
arbitrary shapes, ad diverse material properties. 

(a) 

(b) 

Fig. 4. Distribution of the ESF (Ez) magnitude along the central vertical cross-
section of the aircraft, given in Fig. 3, calculated in terms of (a) the NS-FDTD 
and (b) the FDTD method. 
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