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Shielding Performance of High-Voltage Wiring Harnesses
- Comparison between European and Japanese Technologies -

Ole ADAM*, Hiroyuki KODAMA, Yoshio MIZUTANI and Hirokazu KOSEKI

Electric vehicles and hybrid vehicles have a high potential to reduce CO2 emissions. Currently we are developing and
producing wiring harnesses to connect high-voltage components that are not used in conventional vehicles. For a high-
voltage and large-current circuit, compatibility with the generally used 12 V system is important to avoid electro-
magnetic compatibility problems, and thus, the development of shielding technology for the high-voltage wiring
harnesses is essential. This paper introduces a shielding measurement system based on the transfer impedance
method used mainly in Europe. The measurement result showed that our aluminum pipe shielded wiring harness has

excellent shielding performance.
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1. Introduction

Electric vehicles or hybrid electric vehicles that enable
reductions in fuel consumptions and CO2 emissions™ are
highly interesting from the viewpoint of the global environ-
ment. In Europe, in order to meet the regulations of CO2
emissions, which is getting harder to achieve, automakers
have prioritized developing advanced technologies for
down-sized combustion engines and clean diesel engines.
Currently, in parallel, “E-mobility,” such as electrical vehi-
cles and fuel cell vehicles, is being studied intensively as the
next generation technology as well.

In this kind of technology, a high-voltage circuit is nec-
essary for motor driving and energy regenerating, in addi-
tion to a conventional 12 V system. Sumitomo Electric
Group develops and manufactures high-voltage wiring har-
nesses that correspond to these kinds of components®-®.
Especially for the high-voltage wiring harnesses, it is impor-
tant to include excellent electro-magnetic shielding com-
patible with sensitive devices, such as the radio control
system and high speed communication system.

Clearly, a measurement method of the shielding per-
formance is necessary for developing high-voltage wiring
harnesses. In this paper, a newly established measurement
system using a transfer impedance method is reported.
Also, the high correlation between the data by this meas-
urement system, the theoretical calculation, and the accu-
racy of these measurement results are shown. Furthermore,
comparison results of shielding performance for various
high-voltage wiring harness are reported.

2. Measurement Method of Shielding Performance

The measurement method of shielding performance
can be generally categorized into either an “indirect-method”
or a “direct-method.” The former is a method in which when
signal is input into an internal conductor, radiated noises
penetrated through the shielding layer are detected by de-
vices, such as sensors or antennas. One of typical methods

1s the current probe method. On the other hand, the latter
is one in which the coupling state between an internal con-
ductor and a shielding layer is directly observed by measur-
ing the voltage of the internal conductor inducted by the
current flowing through the shielding layer. One of typical
methods is the transfer impedance method. Japanese and
European automakers typically prefer the former and latter
methods, respectively. This section explains both measure-
ment methods.
2-1 The current probe method
(1) Outline

This method is standardized by the international spec-
ification CISPR25™ for the shielding performance of com-
ponents within the automobile field. Sumitomo Electric
Group is, thus, quite familiar with this measurement method.
(2) Measurement system

Figure 1 shows the measurement system using a spec-
trum analyzer with a built-in tracking generator™. In order
to protect from external electro-magnetic disturbances, the
whole measurement system is placed inside a shielded
room. Two kinds of probe are applied to pick up the noise
radiated from samples depending on the frequency. This
measurement is operated on a copper plate for the pur-
pose of a securing common and stable ground of the whole
measurement system.

The principle of the measurement is the current probe
senses the radiated noise penetrated through the shielding
layer, when the input signal comes from a spectrum ana-
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Fig. 1. Measurement system for the current probe method
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lyzer to the internal conductor of a sample through a con-
nection box. The measurement parameter in this method
is the power ratio of the input signal and output signal;
the measured value (dB) = <the output power from
the current probe> / <the input power into the sample>,
then the shielding performance is calculated as the differ-
ence between the shielded and non-shielded samples.
With this system various types of samples can be meas-
ured by applying the particular adaptors to match with the
interface of the connectors.
2-2 The transfer impedance method
(1) Outline
This method is standardized by the international spec-
ification IEC61196-1™ for a coaxial cable testing, which is a
method to test the shielding performance common mainly
in Europe. Figure 2 shows the definition of the transfer im-
pedance.

Fig. 2. Definition of transfer impedance

(2) Measurement system

The principle of the measurement is the spectrum ana-
lyzer detects the inducted voltage of the internal conductor,
when the input signal comes from the spectrum analyzer
to the shielding layer of the sample through the injection
wire. The measured value is the power ratio between input
and output signals, as in the current probe method.

Figure 3 shows the established measurement system.
A 50Q coaxial cable is used for injecting the signal to the
shielding layer, and the output signal of sample at the far-
end is measured with a spectrum analyzer. As it affects the
transfer impedance measurement, the common ground is
not used for the measurement. With the measurement sys-
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Fig. 3. Measurement system for the transfer impedance method

tem in Fig. 3, the transfer impedance can be calculated as
the following equation.

2
Zr — ? RU K R3 . 10_4,,./29 .......................................... (1)

Z:: the transfer impedance(2/m), Ar: the power
ratio between input and output signal(dB), Ro : the
terminating resistance of the injection line(Q), Rs:
the terminating resistance of the sample(Q), £: the
sample length(m)

3. The Verification for the Measurement System
of the Transfer Impedance

As noted in section 2, the current probe method is well
proven among Japanese automakers, and also well estab-
lished in our laboratory. However, not as much knowledge
is available for the transfer impedance method, because
this measurement system was only first utilized for high-
voltage wiring harnesses. Therefore, it was necessary to
carefully verify the accuracy of the measured values. In this
section, the accuracy of the measurement value was verified
using shielded wire samples as follows.

3-1 Measurement samples

Figure 4 explains the cross sectional structure of shielded
wire samples of 4 mm?, 4 mm? x 2-cores and 16 mm? for
this measurement. These wires are designed for connect-
ing high-voltage components, such as high-voltage battery
circuits and motor circuits.

(¢) 16 mm?

(a) 4 mm? (b) 4 mm?x 2-cores

10.2 7.2

Fig. 4. Measurement samples of shielded wire

3-2 Consistency with the theory

From the theoretical point of view, the DC resistance
of a shielding layer strongly affects the transfer impedance
as the frequency becomes lower.

Z=R (in case of extremely low frequency) «« 2
R: DC resistance of shielding layer (2/m)

Table 1 shows the comparison results between meas-
ured transfer impedance at 10 kHz of a shielded wire and
DC resistance of the shielding layer. We confirmed the
comparison results and Eq. (2) are consistent with each
other, as shown in Table 1.

In order to confirm the tendency of the transfer im-
pedance dependency on frequency, the comparison results
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Table 1. Comparison between transfer impedance and DC resistance

Trans:ril;'nkp::ance OC fedistanca

4 mm? 12 mQ/m 12.6 mQ/m
4 mm? X 2-cores 6 mQ/m 5.6 mQ/m
16 mm? 6 mQ/m 5.3 mQ/m

between measurement and calculation data based on a sim-
ulation model® are shown in Fig. 5. These graphs show the
relationship of transfer impedance and frequency, and
smaller transfer impedance values mean better shielding
performance. The results showed the measurement and
calculation data have a positive correlation in each sample.
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Fig. 5. Comparison between measurement and calculation

3-3 Correlation between the transfer impedance method
and the current probe method

Figures 6 and 7 show the measurement results of each
shielded wire with the transfer impedance method and the
current probe method, respectively. Note the larger values
of shielding performance mean better shielding ability in
Fig. 7.

Although the graph shapes indicating relationship be-
tween shielding performance and frequency with both
methods are different, the relative behavior of each sample
for both methods is quite similar when comparing Figs. 6
and 7. For example, the shielded wires 4 mm? x 2-cores and
16 mm? have nearly the same level at all frequency ranges,
and the difference between shielded wire 4 mm? and the
other wires is significantly large over 1 MHz.

These results in subsections 3-2 and 3-3 are evidence
that our measurement system of transfer impedance method
has been launched correctly, because the measurement re-
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Fig. 6. Measurement results of shielded wire with
the transfer impedance method
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Fig. 7. Measurement results of shielded wire with
the current probe method

sults are consistent with the theory. Furthermore, they have
the same tendency as the current probe method.

4. Application of the Transfer Impedance Method
to High-Voltage Wiring Harnesses
Measurement

The transfer impedance method was originally devel-
oped for measuring the shielding performance of shielded
wires, and did not consider high-voltage wiring harness
samples that have connectors attached to the wire. There-
fore, we modified the measurement system explained in
section 3 so that high-voltage wiring harnesses can be
measured correctly.

4-1 Measurement system

Figure 8 shows the measurement system that was mod-
ified based on Fig. 3, in order to measure high-voltage
wiring harnesses. The difference is the position of the in-
jection point has been changed onto the connection box
from on the wire, in order to consider the influence of con-
nectors at both ends of the shielded wire. Due to this mod-
ification, the input signal flows through the shielding shell
that is the shielding layer for the connector, thereby mak-
ing it possible to measure the shielding performance of the
whole high-voltage wiring harness, including connectors.
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Fig. 8. Transfer impedance method for wiring harness

4-2 Correlation between the transfer impedance method
and the current probe method

Two high-voltage wiring harness samples were pre-
pared for this study, as follows.

- 35 mm? shielded wire with connector A at both ends
of the shielded wire. Connector A used plug type termi-
nals.

- 35 mm? shielded wire with connector B at both ends
of the shielded wire. Connector B used bolted terminals.

Figures 9 and 10 show the measurement results with the
transfer impedance method and the current probe method,
respectively. As for the results, both methods have a very
high correlation, the same results as in subsection 3-3.
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Fig. 9. Measurement results of high-voltage wiring harness with
the transfer impedance method
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Fig. 10. Measurement results of hith-voltage wiring harness with
the current probe method

Under 1 MHz, there is no remarkable difference among
all the samples. On the other hand, the high-voltage wiring
harnesses have worse performance compared to the shielded
wire sample over 1 MHz. These tendencies were confirmed
from results of both methods.

Possible reasons for this tendency are, in case of under
1 MHz, contact between the shielding layer of the shielded
wire and the shielding shell of the connector has very low
resistance. Over 1 MHz, it is estimated the noise is radiated
from the shielding shell. In comparison of two connector
types, connector B is slightly better than connector A, be-
cause connector B has a one-piece shielding shell, while
the shielding shell of connector A consists of several parts,
and the connection between these parts of the shielding
shell is estimated to negatively affect the shielding perform-
ance. As the measurement results of both methods have a
very good correlation with each other, even with this small
difference of each connector type, we believe the transfer
impedance method is capable of making a measurement
while considering the influence of connectors, as the cur-
rent probe method does.

From these results, we determined that the transfer
impedance method can be applied to high-voltage wiring
harnesses as well as for simple shielded wire.

5. Comparison of Each High-Voltage
Wiring Harness

This section explains the measurement results of each
high-voltage wiring harness type with the transfer imped-
ance method explained in the previous section.

There are mainly two kinds of shielding structures for
high-voltage wiring harnesses: an individual shielding struc-
ture, for separately shielding each wire, and a bundle
shielding structure, applied as a common shielding layer
to all the wires. Currently, European automakers, especially
German automakers, prefer the former type, while Japan-
ese automakers, depending on the kind of circuit, prefer
the latter type.

As the material of the bundle shielding structure,
braided wires® or pipe made out of some metal is typically
applied. Especially for high-voltage wiring harnesses, an
aluminum pipe shielding structure®: @ is preferably ap-
plied, due to stronger mechanical protection and heat
shielding, as well as the electro-magnetic shielding func-
tion. Aluminum pipe needs some flexible parts at the ends
of pipe taking productivity into account, such as easy in-
stallation into vehicles or an acceptability of the production
tolerance. Braided wire shielding structure is one example
of flexible parts used.

Figure 11 shows the measurement samples of the indi-
vidual, the bundle braided and the aluminum pipe shield-
ing structures.

Figure 12 shows the measurement results of each high-
voltage wiring harness type with the transfer impedance
method. From this measurement, it was found that the alu-
minum pipe shielding structure had the best performance
among three shielding types at the frequency range as wide
as 10 kHz - 1 GHz. In the case of under 100 kHz, the bun-
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Fig. 12. Measurement results of high-voltage wiring harness with
the transfer impedance method

dle braided wire shielding structure was relatively good. On
the other hand, at over 1 MHz, the individual shielding
structure had nearly the same performance as the alu-
minum pipe shielding structure.

In general, shielding performance was strongly affected
by the DC resistance of the shielding layer if the frequency
was low enough, as explained in subsection 3-2. However,
as the frequency moved higher, a high surface density
structure of the shielding layer, namely, the shielding layer
structure that covers the wire surface without space, was ad-
vantageous for shielding performance. This measurement
proved that the aluminum pipe shielding structure is suit-
able for both these frequency ranges.

6. Conclusions

(1) The measurement system for the transfer impedance
method has been established as a valid measurement
method for the shielding performance of high-voltage
wiring harnesses.

(2) The aluminum pipe shielding structure had the best
shielding performance among the three shielding
types for high-voltage wiring harnesses.

* This project was completed at our development center in
Wolfsburg, Germany. Dr. Thomas Flottmann and Mr.
Marcin Zwolinski in Sumitomo Electric Bordnetze GmbH
kindly supported to guide the measurements and to pre-
pare the samples.

Technical Terms

*1 CO:2 emissions: European committee regulated that
the average CO:2 emissions per vehicle that are avail-
able within Europe should be less than 120 g/km by
2015. Furthermore, it is under discussion at the mo-
ment, whether it should be less than 95 g/km by 2020.

*2 CISPR25: The specification that was regulated by the
special committee “Comité International Spécial des
Perturbations Radioélectriques” (CISPR, English: In-
ternational Special Committee on Radio Interference)
belonging to the International Electrotechnical Com-
mission (IEC) regarding “Vehicles, boats and internal
combustion engines - Radio disturbance characteris-
tics - Limits and methods of measurement for the pro-
tection of on-board receivers.”

*3 Spectrum analyzer with a built-in tracking generator:
The measurement device that measures the magnitude
of an input signal versus frequency within the full fre-
quency range of the instrument. A tracking generator
outputs the signal synchronized with a spectrum ana-
lyzer.

*4 |EC61196-1: The IEC specification regarding coaxial
communication cables, including the measurement
method for shielding performance.
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