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Abstract— The functional and environmental requirements as well as the electromagnetic
compatibility requirements are important in determining the types and installation of the cables
used in platforms such as aircrafts. Interference problems related with field-to-cable type coupling mechanism is especially important. In this work, a typical cable connection between two
avionic equipments is considered and investigated experimentally in order to assess the effect of
shield termination on the field-to-cable coupling level. An experimental setup is developed and
experiments are carried out on two different cables for several shield termination cases. Measurement results are given emphasizing the importance of the shielding integrity of the connectors in
addition to the shield termination requirements.
1. INTRODUCTION

The functional and environmental requirements as well as the electromagnetic compatibility requirements are important in determining the types and installation of the cables used in platforms
such as aircrafts. The high level electromagnetic field radiated from on-board and off-board RF
transmitters induces currents on the cables installed in the aircraft and these currents result in interference voltages appearing at the victim equipment terminals. This type of coupling is known as
the field-to-cable coupling and plays an important in the interference problems. The field-to-cable
coupling constitutes one of the fundamental electromagnetic interference coupling mechanisms that
plays a central role in evaluating the radiated immunity (or susceptibility) of the equipment under
test. Assessment of the cable shield performance along with its connector terminations gives vital
information for the proper design of the cable installation. The theory that explains the field-tocable coupling is well established and useful in the evaluation of simple cable structures [1, 2].
The primary line of defense against this interference threat is to use shielded cables. If the
surface transfer impedance of the cable is low (this is usually achieved with high optical coverage),
then the interference voltage at the equipment terminal may be diminished. On the other hand,
cable shield constitutes only one of the links of shielding chain. Other links of the shielding chain
consist of chassis connectors, connector back-shells and the termination of the cable shield at the
connector back-shells. Although the cable shield characteristic (surface transfer impedance) plays
the most important role in the coupling level, the type of the shield termination at the connector
back-shell is also important. A chain is only as strong as its weakest link. Therefore, the proper
terminations of the cable shield at the connector back-shells are as important as the cable shield in
decreasing the number of interference problems. To illustrate this fact, a typical cable connection
between two avionic equipments is considered in this work and this cable connection is investigated
experimentally in order to assess the effect of shield termination on the field-to-cable coupling level.
This type of experimental approach is especially useful in assessing the shielding integrity of the
overall cable structure.
2. FIELD-TO-CABLE COUPLING EXPERIMENTAL SETUP

A laboratory experimental setup is developed for investigating the effect of shielding structure and
shielding terminations on the interference coupling. For comparison purposes, the shield of the
cable under test is terminated in five different configurations as illustrated in Figure 1(a); no shield
termination, 360◦ termination at one side, single pigtail termination at both sides, double pigtail
termination at both sides, 360◦ termination at both sides. Two shielded boxes are connected to
each other with a 2 m long cable under test and are installed on the floor of a GTEM Cell as seen
in Figure 1(b). The coupling level is measured by a spectrum analyzer for each cable termination
configuration. The first series of test was carried out on an RF coaxial cable of type RG-223.
A second series of test was carried out on a MIL-STD-1553 data bus cable which comprises of a
shielded twisted pair. The measurement was carried out between 1 MHz to 1 GHz. Measurement
was repeated for different types of cable shield termination and cables.
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Figure 1: (a) Shield terminations and (b) test setup inside GTEM cell.
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Figure 2: Electric field distribution (a) in the cross section of the GTEM cell and (b) on the x-axis.

In order to illuminate the cable with a plane wave, the GTEM cell environment is preferred. The
boxes and the cable under test are placed on the bottom plate of GTEM cell in transverse position
(see Figure 1(b)). A GTEM cell is basically a transmission line environment whose rectangular
cross section increases towards its termination and an offset is present in the placement of the
inner conductor. As in other TEM (transverse electromagnetic) wave guided structures, electric
and magnetic field components in GTEM cells are perpendicular to the propagation direction. In
order to evaluate the uniformity of the electric field over the cross section of the GTEM cell, it
is estimated numerically using two dimensional finite element analysis. The length of the cable
under test is approximately 2.1 m. A spacing of 5 cm is left between the cable and the floor of the
GTEM cell. The distance between the floor and the inner conductor at the cross section where the
cable under test is installed is equal to 1.28 m. In order to generate an electromagnetic field on
the cable, a CW RF signal generator coupled with a power amplifier is used. The electrical field
intensity distribution and its direction is illustrated in Figure 2(a). The variation in the x-direction
of the electric field intensity to which the cable is exposed is given in Figure 2(b). As seen from the
figure, the electrical field component which is perpendicular to the cable axis is dominant. In other
words, the broadside coupling is dominant. In order to measure the voltage appearing on the cable
termination impedance (50 ohm), a coaxial cable is connected and routed outside the GTEM cell to
be connected to the spectrum analyzer. The chosen coaxial cable shielding effectiveness performance
is much better than the cables under test and this is verified by the noise threshold measurement
carried out before connecting the cable under test. The field-to-cable coupling experiments were
carried on the following two cables:
• RG223 type double-shielded RF coaxial cable
• STM01-600 type MIL-STD-1553B data bus shielded twisted pair cable
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3. MEASUREMENT RESULTS ON RG-223 COAXIAL CABLE

Although the final goal of the experiment is to evaluate the shielding effectiveness performance of
regular multi-conductor shielded cables, it is first preferred to work with a well defined shielded
cable; RF coaxial cable. Since it possesses only one inner conductor and the shield termination can
clearly be identified, it constitutes the ideal structure. Since the characteristic impedance of the
RG-223 cable is 50 ohm, termination impedances were chosen as 50 ohm. Measurements were taken
for the above mentioned shield termination cases separately. Before doing these measurements on
the cable under test, the susceptibility of the test setup was controlled because the coaxial cable
routed to the outside of the GTEM Cell might also be susceptible to the RF field. For this purpose,
a measurement was taken while no cable was present between the two boxes, and thereby the noise
threshold of the test setup was determined. This threshold level (cyan curve) is illustrated in
Figure 3 at the bottom of the graph around 5 to 10 dBuV level. In the figure, the red curve shows
us the result with no shield case. As seen, it is increasing linearly with the increasing frequency
showing a 20 dB/decade increase. At approximately 70 MHz, the first resonance occurs. This is
expected since the resonance frequency corresponds to the frequency at which the cable length is
equal to half wavelength (λ/2). After terminating one side of the cable with 360 degree at the
connector back-shell, the black curve was obtained. Apart from a slight decrease at low frequencies
(less than 10 MHz), almost the same response as in the no shield case was obtained. Whenever the
cable shield was terminated with a piece of wire (pigtail) about 1 mm in diameter and 10 mm in
length at both sides, the induced voltage decreased rapidly until the first resonance frequency (green
curve). However, similar response was obtained at the first resonance point and afterwards. Adding
another pigtail in parallel to the previous one at both sides, improved the situation (decreases the
induced voltage) approximately 10 dB (blue curve). On the other hand, the real improvement came
with the introduction of 360 degree termination at both sides (magenta curve). Apart from the
resonance frequencies, the induced voltage is nearly the same as the noise threshold level. Moreover,
the induced voltage is 50 dB less than the other cases at the first resonance frequency where the
most severe induced voltages are obtained.
4. MEASUREMENT RESULTS ON MIL-STD-1553 DATA BUS CABLE

The second group of experiments was performed on the MIL-STD-1553 data bus cable. This cable
has physically a shielded twisted pair structure and its characteristic impedance is 78 ohms [3].
MIL-STD-1553 data bus has balanced electrical terminations in real applications. Therefore a
wideband balun transformer is used in order to measure the differential mode induced on the
balanced termination load as a result of the common-mode current induced on the cable without
distorting the balanced nature of the cable. The balanced side of the transformer is used to
terminate the MIL-STD-1553 cable while the unbalanced output side of the transformer is connected
to the spectrum analyzer via the coaxial cable.
First, the noise threshold level of the test setup was measured. This measurement was made
for two different situations. In the first case, the box connector to which the balun transformer
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Figure 3: Measurement results on RG-223 coaxial cable for different shield terminations.
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Figure 4: Measurement results on MIL-STD-1553 databus cable for different shield terminations.

is connected was left open and the cyan curve in Figure 4 was obtained. Since high levels were
unexpectedly obtained especially at high frequencies, the connector was closed with a metal lid
and the measurement was repeated. It is observed that the level was decreased (yellow curve).
This experiment demonstrates the importance of the connector in the shield chain. Then it was
passed to the experiments for different shield terminations. In no shield case, a linear increase in
induced voltage with frequency (20 dB/decade) was observed until resonance region (red curve). In
the next stage, the cable shield was terminated at one side of the cable with 360 degree. This time,
it was observed that the level of interference (black curve) decreased 20 dB especially at the low
frequencies (< 20 MHz). However, at high frequencies (> 30 MHz) a behavior identical to the “no
shield” case was observed. In the third stage, the cable shield was terminated with one pigtail at
both sides. This decreased the induced voltage significantly at lower frequencies (< 30 MHz) but the
behavior at the resonance region remained the same (green curve). After adding a parallel pigtail
at both sides, a slight (around 3 dB) improvement was obtained (blue curve). In the final stage,
the cable shield on both sides were terminated with their connector back-shell in 360◦ (magenta
curve). In this case, similar result to pigtail cases were obtained at lower frequencies while 15–20 dB
improvement was obtained at higher frequencies (> 100 MHz).
5. CONCLUSION

In this work, a typical cable connection between two avionic equipments is considered and investigated experimentally in order to assess the effect of shield termination on the field-to-cable coupling
level. The first series of experiment was carried out on a coaxial cable of type RG-223. These experiments show us clearly the importance of 360 degree shield termination at both sides of the cable.
Moreover, they also show that the pigtail shield terminations are effective only at lower frequencies
up to the first resonance frequency of the cable. A second series of experiments was carried out
on a MIL-STD-1553 data bus cable which comprises of a shielded twisted pair. Although these
experiments show similar results, an improvement similar to the one that is obtained in the RG223
cable has not been obtained in the case of 360◦ termination at both sides. The main reason behind
this, is the failure in proper connection of the shield to the connector back-shell. In MIL-STD-1553
data bus cable, the connector back-shell constitutes the weakest link in the shield chain.
The use of GTEM cell for measuring the induced current on the cable (or voltage at the terminals) under plane wave excitation proves its usefulness in assessing the shielding integrity of the
overall cable structure.
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