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Abstract—A generalized equivalent cable bundle method (GECBM)
is presented for modeling electromagnetic (EM) compatibility issues of
complex cable bundle terminated in arbitrary loads. By introducing a
new grouping criterion, complex cable bundles terminated in arbitrary
loads can be reasonably simplified through a generalized equivalence
procedure. The reduced cable bundle model can be used for modeling
electromagnetic immunity, emission and crosstalk problems. The
complexity and the computation time for the complete cable bundle
modeling has been significantly reduced and fairly good precision is
maintained. Numerical simulations are given to validate the efficiency
and advantages of the method.

1. INTRODUCTION

Cable and cable bundle networks are commonly used in connecting all
the electronic equipment interfaces in various vehicles, from a car to
an airplane. To make the vehicles more comfortable and spacious,
much of the installation space for the cables and cable bundles is
reduced. Thus, the densely packed cables and cable bundles expose a
lot of electromagnetic compatibility (EMC) problems, immunity from
external high intensity radiated field, emission to interfere with other
susceptible equipments and crosstalk between cables or cable bundles,
etc. For adequate design and placement of these cable and cable
bundle networks, experiment is a usual way to reach various EMC
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requirements. Although we can accumulate much experience from the
experiments, however, this cut and try procedure would be high cost
and low efficiency. Accordingly, simulation can then in turn be a good
alternative to save a lot of time and money at the very beginning of
the design.

Immunity, emission and crosstalk issues of cables and cable
bundles have always been the hot spot [1–6] since the multiconductor
transmission line network (MTLN) theory [1] was put forward. Various
simulation tools both in time and frequency domain were implemented
to solve the complete cable and cable bundle model with or without
the reference plane, in which the finite difference time domain
method(FDTD) [8–10], the method of moments(MoM) [11], the finite
element method(FEM) [12, 13], and their acceleration methods [14]
are the representative ones. Deterministic results are usually obtained
for a single and simple complete cable or cable bundle model, while
statistic analysis [15] can predict the reasonable worst-case and give
more meaningful results for a series randomly distributed and complex
cable or cable bundle models. All these methods are based on the
complete cable and cable bundle model that the computation burden
becomes progressively heavier as the cable number increases.

The equivalent cable bundle method (ECBM), which is based on
the assumption that the common-mode response is more critical than
the differential-mode response when considering external EM waves
coupling to the cables, emissions from the cables, crosstalk between
different cables, has been successfully applied in the model reduction
of the EM immunity [16], emissions [7] and crosstalk [17] of complex
cable bundles over a large frequency range. In the original ECBM,
the termination loads of the cable bundle are limited to frequency
independent loads only, namely the pure resistance R, so the grouping
result is frequency independent and can be applied in arbitrary
excitation signal case. Although the ECBM [18] is very well suited for
the cable bundle simplification not only in the MTLN but also in the
MoM and cuts down a lot of computation complexity and time, it can
not deal with arbitrary termination loads, frequency dependent loads in
particular, which greatly narrows the applications of the ECBM. One
tough problem is the cable grouping based on the comparison of both
termination load impedances of each cable with the common-mode
characteristic impedance of the whole model. The grouping result is
obviously frequency dependent if cables are terminated in frequency
dependent loads. Thus the original ECBM must be generalized to
consider arbitrary loads in practical circumstances.

In this paper, a GECBM is proposed for the prediction of EM
immunity, emissions and crosstalk issues of cable bundle terminated
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in arbitrary loads. The whole paper is organized as follows. Section 2
presents the GECBM for cable EMC issues specifically. In Section 3,
simulation results are given on the EM immunity, emissions and
crosstalk problems to validate the proposed method, and finally,
Section 4 draws some concluding remarks.

2. PRESENTATION OF THE GECBM FOR EMC ISSUES
OF COMPLEX CABLE BUNDLE

Suffering from the limitation of frequency independent termination
loads, the original ECBM can only be applied in a wide band excitation
signal with frequency independent loads case or a single frequency
signal with frequency dependent loads case. More often than not,
however, the excitation signal is wide band and the termination loads
are all frequency dependent.

In this section, a generalized ECBM is presented to consider
arbitrary termination loads, including resistance R, inductance L,
capacitance C and their arbitrary hybrid connections at near and far
ends of cables shown in Fig. 1. The near and far end load impedances of
Cable i are denoted by ŻNi (f) and ŻFi (f) (i = 1, . . . , n) respectively,
which are complex values and frequency dependent. The GECBM is
also based on the assumption that, as far as the EM coupling to the
cable, EM emission from the cable and EM crosstalk between cables
are concerned, the common-mode response is more critical than the
differential-mode response. The fundamental point and superiority of
the GECBM over the original ECBM is to get rid of the frequency
restrictions by implementing a tradeoff between different grouping
results at different frequencies for all termination loads at the grouping
step. A definite grouping result over the whole frequency range of the

= =

= =

= =

=
=

= =

= =

Figure 1. A cable bundle model with cables terminated in arbitrary
loads at near and far ends.
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excitation signal should be obtained by development of a new and
adequate grouping criterion. On the whole, the complete GECBM can
be implemented in five steps listed below:

2.1. Grouping of Conductors

For cable grouping in the GECBM, proper description and
measurement by a definite value for the termination load impedance
of each cable in the whole frequency range is a crucial step. One can
easily think of the arithmetical average value (AAV) of the termination
load impedance as a reference for comparison with the common mode
characteristic impedance. It is feasible in cases when the impedance
varies smoothly with frequency. However, for drastic variation
impedance, the load is in series resonance or parallel resonance within
a very narrow band, etc., the AAV may not accurately represent the
overall impedance level within the frequency range we care.

Considering that in the frequency domain, the excitation signal
and termination load impedance’s different frequency components both
contribute to the final response, we can apply the weighted average
method (WAM) for the calculation of the weighted average value
(WAV) of all the termination load impedances and the common mode
characteristic impedance as comparative quantities. If the single
sideband amplitude spectrum of the excitation signal |V̇e (f)| can be
depicted by Fig. 2(a), in which fmax denotes the upper cutoff frequency
of the excitation signal. We remark that fmax must be properly chosen
so that the energy distributed in [0, fmax] dominates more than 90
percent of the signal’s total energy. Then the amplitude spectrum of
the termination (near or far) load impedance |Ż (f)| in [0, fmax] can
be calculated and shown in Fig. 2(b). Thus, the cable grouping can be
implemented in three steps:

Step I: Calculation of the WAV of all termination load
impedances

As stated above, the WAV of near (far) end load impedance of the
jth cable can be denoted by

Z̃N(F )j =

M∑
i=0

(αi|ZN(F )ji|)
M∑
i=0

αi

, (1)

in which ZN(F )ji and αi denote the near (far) end load impedance of
the jth cable and the amplitude of the excitation signal at sampling
frequency fi (i = 0, . . . , M ; j = 1, . . . , n). M is the total frequency
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sampling number in [0, fmax] and n is the total cable number in the
complete cable bundle.

Step II: Calculation of the common mode characteristic
impedance of the complete cable bundle model

Now we consider all the cables are lossy and the per-unit-length
(p.u.l.)distributed resistance, conductance, inductance and capacitance
matrices of the cable bundle can be denoted by Rn×n, Gn×n, Ln×n and
Cn×n respectively. If we denote ‖A‖ as the sum of all the elements in

matrix An×n, then ‖A‖ =
n∑

i=1

n∑
j=1

aij , in which aij is the ith row and jth

column element of matrix An×n. According to the modal analysis [18],
the common-mode impedance Żmc of the lossy cable bundle model
corresponds to the characteristic impedance of the common mode and
can be written as

Żmc =
1
n

√
‖Ż‖
‖Ẏ‖ =

1
n

√
‖R + jωL‖
‖G + jωC‖ =

1
n

√√√√√√√√

n∑
i=1

n∑
j=1

(Rij + jωLij)

n∑
i=1

n∑
j=1

(Gij + jωCij)
, (2)

which is actually a complex value and frequency dependent. Thus, the
WAV of the common mode characteristic impedance can be denoted
by

Z̃mc =

M∑
i=0

(
αi|Żmci|

)

M∑
i=0

αi

, (3)

= = ∆= = ∆

α =

∆

α

∆

−−−− ⋅⋅⋅⋅ −−−−
=

∆

−−−− ⋅⋅⋅⋅ −−−−

∆

= = ∆= = ∆

(a) (b)

Figure 2. Amplitude spectrum of (a) excitation signal, (b) termina-
tion load impedance.
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Table 1. Grouping criterion for the GECBM.

Near End Far End

Group 1 Z̃N > Z̃mc Z̃F > Z̃mc

Group 2 Z̃N > Z̃mc Z̃F < Z̃mc

Group 3 Z̃N < Z̃mc Z̃F > Z̃mc

Group 4 Z̃N < Z̃mc Z̃F < Z̃mc

in which Żmci denotes the common mode characteristic impedance at
sampling frequency fi (i = 0, . . . , M).

If the leakage current in the air and cable insulation layer is small
enough and the resistance of each conductor can be omitted, the cables
can be considered as lossless that ‖R‖ ≈ 0 and ‖G‖ ≈ 0. Thus the
common-mode impedance of the lossless cable bundle model can be
rewritten as

Z̃mc =

M∑
i=0

αi

(
|Żmc|

)

M∑
i=0

αi

=
1
n

√
‖L‖
‖C‖ =

1
n

√√√√√√√√

n∑
i=1

n∑
j=1

Lij

n∑
i=1

n∑
j=1

Cij

, (4)

which is real and frequency independent.
Step III: Cable grouping according to a new criterion
According to Table 1, four groups can be finally obtained by

comparison of Z̃N (F ) and Z̃mc. The new criterion can be adopted
for comprehensive consideration of both the end load impedance and
the excitation signal’s amplitude spectrums. We remark that the
frequency sampling number M must be large enough to guarantee
the grouping result stable. If Z̃N(F ) ' Z̃mc, then this cable can
be distributed in arbitrary group. This criterion can be naturally
degenerated into the pure resistance case if |ZN(F )j | is constant and
can be applied for both narrow and broad band excitation signal. In
addition, it relieves the dependency of the grouping rule only on the
termination load impedance value when the impedance is extremely
high (or low) within very narrow band and extremely low (or high)
outside this band, namely the parallel or series resonance. Examples
of grouping cables terminated in parallel and series resonance loads are
given in Section 3 to demonstrate the validity of the WAM. Indicated
in previous works [7, 16, 17], all the conductors in the cable bundle
participate in the grouping for EM immunity and emission problems
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and for electromagnetic crosstalk problems the culprit and victim
cables do not participate in the grouping.

2.2. Reduced Cable Bundle Matrices

Once the grouping process is completed, the computation of the
reduced cable bundle matrices should follow those in [16] and is omitted
here.

2.3. Reduced Cable Bundle Cross-section Geometry

The computation of the reduced cable bundle cross-section geometry
is established through six optimization phases depicted in [16] and is
also omitted here.

2.4. Reduced Cable Bundle Equivalent Termination Loads

The equivalent termination loads at each equivalent conductor ends
can be categorized into three types:

a) Common-mode loads that connect conductor ends to the ground
reference;

b) Differential loads that connect together two conductors belonging
to the same group;

c) Differential loads that connect together two conductors belonging
to different groups. This equivalence can be found in [16] and is
omitted here.

2.5. Application of Different Numerical Methods to EMC
Issues of the Reduced Cable Bundle Model

Once the reduced cable bundle model is obtained, we can apply the
MTLN and MoM in the prediction of EM immunity, emission and
crosstalk problems.

3. VALIDATIONS OF THE GECBM FOR EMC ISSUES
THROUGH NUMERICAL SIMULATIONS

In this section, EMC issues including crosstalk, emission and immunity
of a single complete cable bundle model are properly simplified through
the GECBM. All the cables in the cable bundle are considered to be
lossless single wire cable and the infinite ground plane is assumed to be
perfect conducting in the simulations. Thus the WAV of the common
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(a) (c)(b)

GroundGroundGround

Cable 1 -
Culprit Cable (CC)

Cable 9 -
Victim Cable (VC) Excitation Cable (EC)

Complete Cable Bundle

Cable 5 -

Reduced Cable Bundle Reduced Cable BundleI II

Figure 3. Cable bundle models (a) complete 9-conductor cable bundle
model. (b) Reduced cable bundle model I for EM crosstalk problem.
(c) Reduced cable bundle model II for EM emission and immunity
problems.
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Figure 4. Case A: wave form of the excitation signal (a) time domain.
(b) Frequency domain.

mode characteristic impedance reduced to (4). The 9-conductor point-
to-point connected cable bundle, 1 m long, set above the infinite ground
plane shown in Fig. 3(a) is investigated, in which each cable is a single
wire conductor with a radius of 0.5mm and is surrounded by dielectric
coating with the thickness of 0.3 mm and the dielectric constant of
εr = 2.5 and µr = 1.0. The cross section (x, z) coordinate of the
center of each conductor are listed in Table 2.

Case A. EM crosstalk in a cable bundle
In this numerical simulation, the near end of Cable 1 (culprit

cable) is excited with a voltage source of periodic trapezoidal pulse
whose waveform is depicted in Fig. 4(a) and Cable 9 serves as the victim
cable. The spectrum of the excitation signal in the frequency range
0 ∼ 200MHz can be easily obtained through discrete Fourier transform
and shown in Fig. 4(b). In order to demonstrate the applicability
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Table 2. Case A: center coordinate (Unit: mm) and termination loads
of the 9-conductor cable bundle (‘+’: in series; ‘‖’: in parallel; ‘ZN (F )’:
near (far) end load; ‘Z̃N (F )’: weighted average impedance at near (far)
end).

Conductor 1 2 3
(x, z) (1.6, 2.8) (0.8, 1.4) (2.4, 1.4)
ZN 50Ω 100Ω + 0.1µH 100Ω + 0.1µH
Z̃N 101Ω 101Ω
ZF 50Ω 10 kΩ ‖ 10 pF 10 kΩ + 0.1µH
Z̃F 2537 Ω 10 kΩ

Conductor 4 5 6
(x, z) (0, 0) (1.6, 0) (3.2, 0)

50Ω + 0.1 µH 100Ω ‖10 pF

10 kΩ ‖ 500 nH

ZN
‖31.66 pF

0.1Ω + 80 nH
+351.8 pF

Z̃N 52Ω 99Ω
195Ω
824Ω

ZF 5 kΩ ‖ 10 pF 100 kΩ ‖ 100 pF 100Ω + 0.1 µH
Z̃F 1932Ω 1495 Ω 101Ω

Conductor 7 8 9
(x, z) (0.8, −1.4) (2.4, −1.4) (1.6, −2.8)

15 kΩ ‖ 400 nH 20 kΩ ‖ 400 nH

50Ω ‖ 200 pFZN
‖17.59 pF ‖ 9.895 pF

0.1Ω + 40 nH 0.2Ω + 20 nH
+253.3 pF +258.5 pF

Z̃N
162 Ω 98Ω
870 Ω 867Ω

ZF 100Ω ‖ 10 pF 50Ω + 0.1µH 50Ω ‖ 200 pF
Z̃F 99Ω 52Ω

of the weighted average criterion, two extreme examples when the
end load impedance varies sharply within a narrow band, namely the
parallel and series resonance loads are taken into consideration. The
termination loads of all the cables of this cable bundle in both examples
are listed in Table 2. In Example I parallel resonance happens at
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Figure 5. Case A: Absolute values of the near end impedances on
Cables 6 ∼ 8 and the comparison of their weighted average values
with the common mode characteristic impedance Z̃mc. (a) Parallel
resonance. (b) Series resonance.

40MHz, 60 MHz and 80 MHz at near end of Cables 6 ∼ 8 respectively
and in Example 2 series resonance happens at 30MHz, 50MHz and
70MHz at near end of Cables 6 ∼ 8 respectively shown in Fig. 5(a), (b).
The p.u.l.inductance [L] (in nanohenry/meter) and capacitance [C]
matrices (in picoferad/meter) of Cables 2 ∼ 8 in the cable bundle are
listed in (5) and (6).

[L] =




1015 809 806 801 736 732 714
1015 736 801 806 714 732

1011 801 716 802 732
988 800 797 797

1011 732 802
1007 801

1007




7×7

, (5)

[C] =




43.8 −15.0 −14.7 −9.7 −0.8 −0.8 −0.4
43.8 −0.8 −9.7 −14.7 −0.4 −0.8

43.9 −10.0 −0.4 −14.7 −0.8
59.0 −10.0 −9.7 −9.7

43.9 −0.8 −14.7
43.9 −15.0

43.9




7×7

. (6)

According to the grouping process in Section 2, the upper cutoff
frequency fmax can be chosen as fmax = 1/τr = 100 MHz and the
amplitude spectrum of the excitation signal and the termination load
impedance are sampled with the sampling interval ∆f = 0.2MHz
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in the frequency range 0 ∼ 100 MHz. The amplitude αi of the
excitation signal at sampling frequency fi (i = 0, . . . , 500) can be
easily obtained from Fig. 4(b). Thus, the weighted average common
mode characteristic impedance Z̃mc can be calculated by Eqs. (4) ∼ (6)
and equals 240Ω. The weighted average values Z̃N(F ) of the near and
far ends of Cables 2 ∼ 8 can be calculated by Eq. (1) and are listed
in Table 2. According to the grouping criterion, for both parallel and
series resonance cases, the 7 conductors can be sorted into two groups:
Group 1 (Cables 2 ∼ 5) and Group 2 (Cables 6 ∼ 8) shown in Fig. 3(b).

After some simple calculations, the p.u.l.parameter matrices [L]
(in nanohenry/meter) and capacitance [C] (in picoferad/meter) of the
reduced cable bundle model can be written as follows

[Lreduced] =
[
846 757

855

]

2×2

, (7)

[Creduced] =
[
129.3 −122.1

129.5

]

2×2

. (8)

After applying the six-phase procedure described in [16], we
obtain the cross-section geometry of the reduced cable bundle model
composed of four equivalent conductors shown in Fig. 3(b). And the
equivalent termination loads connected to each end of all conductors
in the reduced cable bundle can be easily obtained using Step 4 in
Section 2. Also, the related center coordinate, radius, and insulator
thickness are listed in Table 3. The near and far ends crosstalk voltage
on Cable 9 can finally be obtained by applying the MTLN to the
complete and reduced models shown in Figs. 6 and 7. It is obvious

Table 3. Some parameters of the reduced cable bundles (Unit: mm).

Reduced Model in Fig. 3(c)
Conductor 1–4 5 6–9

(x, z) (−0.4, 1.4) (1.6, 0.0) (3.6, −1.4)
Conductor Radius 1.6 0.75 1.6
Insulator Thickness 0.3 0.1 0.3

Reduced Model in Fig. 3(b)
1 2–5 6–8 9

(1.6, 2.8) (0.3, 0.7) (3.0, −0.9) (1.6, −2.8)
0.5 1.5 1.4 0.5
0.3 0.1 0.1 0.3
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Figure 6. Case A: comparison of the crosstalk voltage in the time
domain on Cable 9 between the complete and reduced cable bundle
models when parallel resonance happens at the near end of Cables 6 ∼
8. (a) Near end. (b) Far end.
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Figure 7. Case A: comparison of the crosstalk voltage in the time
domain on Cable 9 between the complete and reduced cable bundle
models when series resonance happens at the near end of Cables 6 ∼ 8.
(a) Near end. (b) Far end.

that the reduced model shows good agreement with the complete one
by using the GECBM in both resonance cases.

Case B. EM emissions of a cable bundle
The second numerical validation concerns the radiation pattern

and near electric field of the cable bundle shown in Fig. 3(a). In this
case, the termination loads of the 9 conductors are listed in Table 4 and
Cable 5 is excited at its near end by a periodic trapezoidal pulse voltage
source of 1 V magnitude with rising and falling edge τr = τf = 0.3 ns,
pulse width τ = 1 ns and cycle time T = 3 ns. Thus the upper cutoff
frequency fmax = 1/τr = 3.3GHz and the complete cable bundle can
be simplified to a reduced one shown in Fig. 3(c) through the above
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Table 4. Case B & C: termination loads of the 9-conductor cable
bundle.

Conductor 1 2 3 4

ZN 50Ω 150Ω 100Ω + 5nH 50Ω + 5nH

Z̃N 50Ω 150Ω 100Ω 50Ω

ZF 50Ω 100Ω + 4.7 nH 100Ω ‖ 2 pF 100Ω

Z̃F 50Ω 100Ω 99Ω 100Ω

5 6 7 8 9

5 kΩ
1Ω+200 nH

200 kΩ 6 kΩ + 10 µH
10Ω + 200 nH

+20 pF + 20 pF

5 kΩ 1589Ω 200 kΩ 6562Ω 1590Ω

150Ω ‖ 1 nF 5 kΩ
10 kΩ ‖ 20 nH

20 kΩ
15 kΩ ‖ 2 nH

‖2 nF ‖2 nF

29Ω 5 kΩ 272Ω 20 kΩ 385Ω
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Figure 8. Case B: MoM computations of the normalized radiation
pattern of the complete and the reduced cable bundle models at 1 GHz.
(a) xoz plane φ = 0◦. (b) yoz plane φ = 90◦.

equivalence procedure. The p.u.l. inductance [L] and capacitance [C]
matrices as well as all the parameters of cables in the complete and
reduced cable bundle models are not listed here for simplicity. The
weighted average common-mode characteristic impedance Z̃mc of the
9-conductor cable bundle equals 224 Ω. According to the grouping
criterion, the 9 conductors can be sorted into three groups: Group 1
(Cables 1 ∼ 4), Group 2 (Cable 5) and Group 3 (Cables 6 ∼ 9) and
the cross-section geometry of the reduced cable bundle composed of
three equivalent conductors are shown in Fig. 3(c). The reduced cable
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Figure 9. Case B: MoM computations of the normalized radiation
pattern of the complete and the reduced cable bundle models at 3 GHz.
(a) xoz plane φ = 0◦. (b) yoz plane φ = 90◦.

bundle model is then introduced in the three dimensional (3D) full wave
simulation code for the calculation of the EM emission of the cable
bundle both at 1GHz and 3 GHz. We have calculated the normalized
radiation pattern in the φ = 0◦ and φ = 90◦ planes according to
the coordinate in Fig. 3. Figs. 8 and 9 present the results obtained
at 1 GHz and 3GHz for both cable bundle models respectively. The
near electric field is also calculated for both cable bundle models at an
observation point of x = 3 cm, y = 60 cm, z = 3 cm coordinates shown
in Fig. 10(a). This observation point is located at a distance of 3.6 cm
from the closet point of the cable bundle. The very good agreement of
all the radiation patterns and near-electric field for both cable bundle
models entirely validate the method for EMC emission problems.

Case C. EM immunity of a cable bundle
Considering the cable bundle in Fig. 3(a) illuminated by a plane

wave with a 5 V/m magnitude toward +y direction and an electric field
along z direction, common mode current extraction can be reproduced
on the reduced cable bundle model shown in Fig. 3(c) by the GECBM.
The common mode current is calculated in Group 1 by averaging the
sum of all the currents at one end of Cables 1 ∼ 4 for both cable
bundle models. Fig. 10(b) presents the comparison result and good
agreement in the frequency range 0 ∼ 500 MHz shows that the reduced
cable bundle model can be introduced in the 3D full wave simulation
tools to reproduce the cable bundle common mode current.
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Figure 10. (a) Case B: MoM computations of the near-radiated
electric field for the complete and the reduced cable bundle models.
(b) Case C: MoM computations of the common-mode current induced
at one end of the complete and the reduced cable bundle models.

Table 5. Computation time and memory comparison between the
complete and reduced cable bundle models (Case B: 3 GHz; Case C: 0
to 500 MHz, 20 frequency sampling points).

Case
Complete Reduced Ratio

Model Model

B&C:Number of total unknowns 1569 789 1.99

B&C:Number of unknowns due to triangles 444 378 1.17

B&C:Number of unknowns due to segments 1125 411 2.74

B: Calculation of matrix elements(s) 156.094 55.782 2.8

B: Calculation of far field(s) 41.656 38.016 1.1

B: Calculation of near E-field(s) 2.313 0.953 2.43

B: Required memory (MByte) 25.511 7.902 3.23

B: Total calculation time(s) 202.641 95.828 2.11

C: Calculation of matrix elements(s) 117.016 56.797 2.06

C: Required memory (MByte) 25.511 8.157 3.13

C: Total calculation time(s) 2541 695 3.66

4. CONCLUSIONS

In this work, the GECBM is presented in detail for the analysis of
the EM issues of complex cable bundle. EM crosstalk, emission and
immunity examples all exhibit the validity and ability of this method
both with MTLN at “low frequencies” and MoM at “high frequencies”
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in the simulation of the response of cable bundle terminated in
arbitrary loads, which is quite different from previous works. The
authors are confident that the GECBM can find potential applications
in the analysis and design of more realistic and complex cable bundles.

The total computation time is reduced by a factor of 3 after
equivalence of the complete model for Case A by using the MTLN.
In Table 5, the computation times and memory required for the MoM
modeling of both cable bundles at the frequency of 3GHz for Case B
and from 0 to 500 MHz for Case C are presented. The computations
have been performed on a 3GHz processor and a 2 GB RAM memory
computer. All these results fully demonstrate that the GECBM can
significantly reduce the prediction time and memory requirement. It
could be expected that with the cable number in the original complete
cable bundle increases, we can cut down much more computation time
and memory.

Some limitations of this work are listed below and discussed.

1) The pure computation time of the reduced model using the
MTLN and the MoM has been reduced significantly. However,
the extra equivalence procedure and optimization time should
also be considered and must be further accelerated to fulfill the
requirements of realistic applications in a quick automatic manner.

2) The excitation signal is added to only one cable.When multiple
signals are excited, we can follow the theory in [4] to consider
more realistic cases.

In the near future, we will concentrate on the EM crosstalk,
emission and immunity prediction of cable bundles in realistic vehicles
through the combination of the full-wave simulation method and the
GECBM.
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