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Fig. 2. Schematic diagram of equipment interconnection
wiring cable harness: (a) Arc-shaped binding cable harness;
(b) circuit connection diagram.
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Fig. 3. Simplification modeling of uncertainty binding cable

harness.
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Fig. 4. Cross-sectional geometry of double conductors.
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Fig. 5. Modeling steps for uncertainty cable harness: (a) De-
termination of the beginning end; (b) location of the cable

harness based on spline interpolation; (c) sectional cascade.
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Table 1.  Coordinates of each conductor near end of the 21-conductor cable harness (unit: mm).

SE-% ke 1 2 4 5 6 7
bRz, y -8, 4 -8,0 -8, 4 4,8 4, 4 4,0 4, 4
RS 8 9 11 12 13 14
At y 4,-8 0,4 0,0 0, 4 0, -8 4,8
RS 15 16 18 19 20 21
Atz y 4,4 4,0 4,-8 8,4 8,0 8, 4
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Fig. 9. Comparison of the load coupling current on the
circular arc-shaped binding cable harness: (a) Near end;
(b) far end.
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NS I R TN R €A R P

FSV HRTEA R E B, ARSI (ADM,,,).

MAFE2EIE (FDM,,,) FLE2RZEME (GDM,,,).
A& ADM,, FDM; F1 GDM,,, K /N4 [H]
5 AR 7 F WA IR excellent (0—0.1), very
good (0.1-—0.2), good (0.2-—0.4), fair (0.4—0.8),
poor (0.8—1.6) Fll very poor (> 1.6).

280 TR 9 M 11 5 EEERE FSV £
ARPEBrEE R, NFE 2 Al DL Y, [RICR I 5% R L&
AR A AT LA RPN R A4F, #E— 2B U TS
TR A R

R 2 ARITNEN FSV N AER

Table 2. The FSV evaluation results of the proposed
method.

N FSV
LRI A S
ADM,,, FDM,,, GDM,,,
‘ i 0.265/good 0.181/very good 0.317/good
PR R

i ity

LY 0.289/good 0.200/very good 0.345/good
i 0.313/good 0.172/very good 0.376/good
HEIHE  0.290/good 0.157 /very good 0.350/good

TESEER

4.4 TTERERITLE

& 3 HH T AEAR R A B Bl N A S X
ECBM Jy ¥& MBI R 28 sR (5 B F R ). {5 B
R EALELE A AL FEEF Inter(R) Core(TM)
CPU i7-8700 @ 3.20 GHz, NTE 8 G, VE RGN
Win 10 64 7. )N 3 A LAF H, A SCHE L AT
SEPEIRFLA R X ECBM e KRR T4 i gt
MEXERE , A R0 T AR

%3 MR 2L ] 54T

Table 3. Analysis time of the simplified and complete

model.
o ) ) N T ot S A 11
HAY A HAY i
HAEmE /s 3222 420 2919 336
5 HRiE

BRI HIL R 28 48 2 23 2 SR FL RS 15 A AR )
B, AR SCHE T T X ECBM ik, AR i M
FLAHRBRL AL AR AR | & T 2 RN 3

LB AN RE . M v 0 A R AR AR
T EVEINALE RN LA &, PR T B
ZIAIFAERA SR ZORIFE A 0 S ST HIAR
TP 2 SR A R B R AT A 5
PR3N T IRARAR T S A SR L5 S5
TGRS AR S S 2R, A5 B S LR B e v
BRI ASEL, THRICHI L TR AR S
bR BE S TUARTA T 2 4. B, 3 i (B 9IORT IE 52
B E PRI FL BB, B0k T AR SCER Y A2 R
] P AR 5 12 B AE A P . A DR IE T SR0RG B2 A 4
N, ARSI T A T RN E
SRFL7 A7 A Y A ME D, LA AR G AN E
RFLETR A RS A R A B4 T A Rad e
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Abstract

The cable harness provides a main gateway for electromagnetic interference(EMI) in electromechanical
system. The unreasonable electromagnetic compatibility (EMC) design of cable harness will produce EMI to
other on-board electronic equipment, bringing great safety risks to the system. Theoretical research and
engineering practice indicate that most of the electromechanical systems cannot satisfy EMC standards, which
can be attributed to the EMI generated by cables. As for the eletromagnetic(EM) illumination analysis, reliably
and efficiently generating a full numerical model of cable harness is becoming more prominent for the EMC
designers. Therefore, it is necessary to develop a more effective method to solve the modeling problem of cable
harness.

In the practical application, the cable harness has the characteristics of spatial layout, and its
characteristics such as “large number of core wires”, “arbitrary curvature of space” and “randomness of wiring”
bring challenges to the modeling of EM coupling to cable harness. The numerical simulation of the whole cable
harness model requires severe conditions for computational resource and even makes the EM coupling analysis
impossible. Thus, considering the uncertainty of wire position, this paper proposes a generalized simplified
modeling method for the EM coupling effect of uncertainty strapping cable harness. Firstly, the Gaussian
distribution and spline interpolation are used to determine the location of the core conductors in the random
bundling. Then, the distribution parameters of the cable harness at different positions are established by using
the transposition relationship between the subsegments of the wires. Finally, the effectiveness of the proposed
method is verified by numerical examples of the arc-shaped and sine-shaped harness.

In conclusion, this paper proposes a generalized simplification technique to model the EM illumination on
cable harness with uncertainty wiring factors. By grouping the conductors together, the required computation
time is markedly reduced and the complexity of modeling the completely cable harness is significantly simplified
within a good accuracy. The proposed method provides a way of solving the modeling problem caused by

“uncertainty strapping” of the complex wiring harnesses in electromechanical systems.

Keywords: cable harness, electromagnetic coupling, uncertainty strapping, generalized simplified modeling
method
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