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Abstract — In order to simulate the BCI [1] (Bulk CableThe BCI test consists in injecting a current onesirOne
Injection) tests we try to derive an equivalent elaaf the must test all bundles leading to a DUT (Device Unde
wires leading to the DUT (Device Under Test). ThisTest). To inject the current one can use a magnetic
model will be used to perform test simulations adow injection probe. The cable is 5cm above the grapiade.

to automotive specifications [2]. The first application of this standard is on shéelccables
The standard does not specify the relative positibthe (Fig 1); afterwards the use was generalized taypks of
wires. But, in lot of cases, their positions areables (Fig 2).

preponderant. The simulation is a very good way to

estimate their influence. 2.2 Problemsencountered in BCI test

1. INTRODUCTION 2.2.1 On shielded cable

The automotive manufacturer and their supplierstipag For the injection probe, the input impedance iselto a
more and more attention to EMC problems. But, thst ¢ short circuit (Fig 1). The test is based on the
of EMC test is very expensive when a product hastrmnsimpedance of the shielded cable. In this ctse,
problem during validation test. The aim of thisdstiis to equivalent circuit is a current transformer withratio
create tools in order to simulate BCI test (desatibelow) close to oneThis is generally a substitution test.

during development.

The main difficulty is to find a proper model tarsilate 2.2.2  Automotive application

the wires linking the different parts car applioas.

Moreover, you can have splices on the wires. Tis¢iflea injection probe
is to use an existing model of wire (microstriphi§ model
has a heavy limitation: one cannot simulate easibre
than 3 wires in a bundle. The second idea is teldpva
lumped model.

Optional
Ground connexio

2. BCI TEST
Fig 2: BCI on unshielded cable
2.1  BCI Presentation

In most of cases, the DUT is not connected to toerl.

Injecti b . : :
niection probe Reaching a current on a floating system (Fig 2patv a

> lot of discrepancies, particularly for low frequéss The
LSIN > buT manufacturer specified a calibration method to raefa
‘\ /' nominal power, and a test with double limitationrrent

7J7 and power. We increase power until the nominal DUT

— current reaches the defined level. At the same tinee
injected power is limited to calibrated power muligd by
4 or 8 depending on manufacturer.
S PP The different consequences of those manipulations:
LSIN : Line Stabilization Network o . X -
DUT : Device Under Test Bunlélnecontrolled differential mode" current withirhe
Fig 1: BCI test bench on shielded cable - Great influence of relative position of cables



- Great influence of the LSIN impedance (or aurjlia
equipment).

— -
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3. MICROSTRIP MODEL

In order to understand the DUT comportment we must

simulated the BCI benchmark. One part of the sitrara Pl
is the wires. Ground plane

. . Fig 5: Two wires montage
3.1 Singlewire

3.3 Splice
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Fig 3: Sngle wire montage

To find the model, we realize the montage preseimed Fig 6: Onewirewith splice

Fig 3. The wire is 1m long and is connected to avark

analyser. We choose a frequency spectrum from 150kH . —. T T
to 150MHz. This spectrum is the widest radio input I M M
SpeCtrum W=wi mm W=w1 mm out

L=42.2 cm MLIN L=59.3 cm
Term TL1S

Term2 c W=w1 mm
Num=2 Cc6 L=78.5cm R

The measurement shows the circuit is very closea to

ok

290 Ohms transmission line. The equivalent circuit 250 B e §§l§o -
consists in a simple microstrip model (Fig 4). <
Res0 Ofm
| wew

MLIN 1

LA MSUB —=

W=1.32072 mm [MSub2 ) ) o o

L=100 cm 2;51052515 Fig 7: Equivalent circuit and measured circuit

== T=2 mm

TanD=0.0489014

Fig 4: microstrip wire model

The identification of the S parameters of the sated
model and those measured give us the remained
parameter:

- The relative dielectric constangi=1.0089)

- The losses of structure derived as dielectric

losses {g0=0.049)

despite the fact that the losses are due to radiati

Measured_S11_circle

Simulated_S11_cross

freq (150.0kHz to 150.0MHz)

3.2 Doublewire
Fig 8: Result of ssimulated and measured circuit

With the preceding measurement (Fig 3), we findegyv

simple model (Fig 4) and we try to extend it tocaigle of

wires as shown in Fig 5.

A coupled microstrip model with the same paramet

works perfectly.

In the case of splice (Fig 6), the convergence éetw
microstrip and measurement is not good enough. eBut
condensator between interconnexion and ground plane
She microstrip model (Fig 7) allows a good agreetan
shown on Fig 8.



3.4  Doublewirewith splice
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Fig 9: Two wires and splice montage

For this new configuration (Fig 9) we start witheth
simulation (Fig 10) and simply make verification thvi
measurement.
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Fig 10: two wires with splice model

The simulation is very close to measurement (Fig The
port 1 is the measurement and port 2 is the simulat
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Fig 11: Two wires with splice comparison
4., LUMPED COMPONENTS MODEL
The main problem encountered with the microstrigate
is that we cannot get more than 3 wires. So a maitbl

lumped elements was derived in order to simulatedteu
with more than three wires.

4.1  Singlewire model

We carry out measurement on a 116cm long single wir
(Fig 3).

We try to use the standard model of transmissios, lbut
the model does not include the radiative losses.
Moreover, there are few losses by conduction antbs®

in the dielectric (air).

With a lumped components model (Fig 13) the rackati
losses can be included in the resistors (R1 and R#}
model is for 10cm transmission line. To obtain 1i&cm,

12 basic elements were cascaded.

The electric length is about one twentieth of the
wavelength at the highest frequency.

When we compare in Fig 12 measurement, microstrip
model and lumped components model, we find the &dnp
components model is the better one.

In Fig 12, ports 1-2 are the ports of measurentdtare
the ports of lumped components model and, 5-6 lage t
ports of microstrip model.
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Fig 12: comparison between different models

Fig 13: Lumped components model detail

Each cell (Fig 13) represents 10cm long.
L1is 94nH.(;1:|_)é2 with =290 Ohms.
|

R2=30kOhms anqdn:Z%z.

4.2 Double wires model
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Fig 14: Double wires lumped components model detail freq (150.0kHz to 150.0MHz)
In this new model (Fig 14) we only change the iridnce . o
L1 (Fig 13) with an electric transformer. The cangl Fig 16: Transmission S-parameters
coefficient is 0.75 with 2 cables distant of 1mmheT
coupling capacitor C3 is 2pF. CONCLUSION AND FURTHER WORK
All the other components have the same values than
previously. ;’Fhls work allows us to simulate easily several wivéith
The comparison between measurements and the modeljqiative losses. The agreement between model and

shown on Fig 15 and Fig 16. measurements is very good and let us think that the

lumped model is ready for further simulations
We currently work on a seven-wire bundle model tteat
be simply added to a simulator. A three-wire mola$s
been also derived and is very similar to the twoewi
lumped components model.
e m 6. REFERENCES

[1] BCI defined in MIL-STD-461D, MIL-STD-462D and

new one MIL-STD-461E

[2] RENAULT spécification 36-00-808/--D

Software: ADS from Agilent Technologies

S(5.5

S(1,1

freq (150.0kHz to 150.0MHz) B.FREYRE, P.LEFEBVRE, J.ZIGAULT « Conception
d'un étalon pour mesures en CEM » ESIGELEC Mont
Fig 15: input S-parameters Saint Aignan (France) 2002.

X : Simulated result

O : Measured result Didier CHASSAIGNE « Caractéristique de l'influende

perturbations électromagnétiques, rayonnées ouudesg

sur des réseaux de cables ou de pistes de circuits
imprimés. Approche temporelle. » University of @hent-
Ferrand (France) 1999.

On Fig 16, the two left curves are the direct traigsion,
and the four others curves are the transmissiorthen
second wire.

Laurent PALETTA « Démarche topologique pour I'étude
des couplages électromagnétiques sur des systémes d
cablages industriels de grande dimension» ORSAY
university (France) 1998.



