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Reference test object for on site HIRF test set up
verification

Controlling measurement of EM transfer functions on aircraft

Wilfrid.Quenunt, Jean Philippe ParmantigDlivier Verstraete2, Dominique Lemaire?, Frédéric Therond?

! ONERA/DEMR, The French Aerospace | dmulouse France wilfrid.quenum@onera.fr
2 AIRBUS GROUP AIRBUS Operations S.A.SToulouse France

Abstract— In this paper we propose a simple reference test - Finally it is tested in a real open test site area to assess
object which is to be used as a set up verification device to be the robustness of the resulting transfer function
tested before High Intensity Radiated Frequency (HIRF) compared to laboratory conditians
measurement campaigns on aircraft. This reference object has .
been designed to take into account both EM and mechanical - At the end, reference transfer function bounds can be
requirements. It therefore ensures a good level of sensitivity and provided taking into account the sensitivity to various
reproducibility of a reference measured transfer function installation parameters.

between the incident E-field and an internal induced current.
This object has been calibrated in laboratory using a strip-line
which enables to fully control the incident EM field. Finally tests
in open test site conditions have been carried out in order to
provide referencetransfer functions.

- These data are used as guidelines for the operator to
decide whether the emission/measurement system
operates properly or not.

1. DEFINITION AND DESIGN OF THE REFERENCE®X
Key words: HIRF; strip-lineg EM fiedld: Verification;

Calibration; Induced currents; Transfer functions A. Regquirements on Reference Box
The test-object must be reasonably simple, easy toldhand
[. INTRODUCTION and robust to small shockdn order to ensure a good

Part of HIRF certification test campaigns consist inreéproducibility it must allow easy control of EM coupling in
measuring‘transfer functions” on aircraft in order to be able to terms of field penetration and induced current on its wiring
verify the EM levels specified for equipment qualification. This is the reason why we defined the objectaasimple
Because they require the availability of the aircraft, such tesferfectly conducting parallelepipetbox, later on called
have to be performed iatight schedule and therefore with ~ “reference box” (RB), with a single aperture and equipped with

perfect control of emission and measurement system. Howevé¥) internal test-wire. Moreover, we specify in advance that the
getting this full control is not that obvious because thedesign achieved is such that small mechanical deformations

deployment of the emission system and the wholdvill have no inﬂqence on the results..Thle aperture, which must
measurement links on open site are potential sources of.error®€ the only point of entry of the incident energy into the
) ) system, has to be chosen large enough in order to induce
In this context, AIRBUS group proposed to design and t syfficient parasitic coupling onto the test-wire. Nevertheless, in
“calibrate” a standard Ob_]eCt equped W|th Cables that W0u|d order to Comp'y with the ana|ytica| approach rezbdor
emission/measurement system is operating correctly and is algnfidence in the results, the aperture is chosen small enough
to provide transfer-functions within specified bounds. Thosgg assume that the EM fields onto the aperture will be quite

bounds are expressed as levels of transfer functions to R@mogeneous in the frequency bandwidth of interest.
obtained between an incident free fiditl,,, and a current on

an electric wire. The dynamic range specified by the AIRBUS;  pre.definition of the reference box

group rangedrom 0.01mA / (V/m) to 1mA / (V/m) between i L , ,
30MHz and 400MHz. First definitions of the dimensions of the box, aperture and

) ) . test-wire were derived from analytical formulas available in the
The process to obtain the required test-object goesghro |iterature, using K.Lee’s model of EM coupling of a wire

the following steps: under a small aperture ([1], [2]). Nevertheless, before
- The test objects desigred from mechanical and EM Mmanufacturing the RB, its dimensions have been validated by
requirements 3D numerical simulations in order to confirm that the structure

Then iti librated i f tor f - would fulfil the transfer function dynamic range requirements
) weﬁr]cétr:tsrocl:lztlj Ir:tt)((a)raltgrteé:)nr?di?iort:sans er funalion e 3p numerical simulations have been carried out with
y ' ONERA’s ALICE FDTD computer code by considering that
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the perfectly conducting box was illuminated by a plane wave lll.  EXPERIMENTAL STRIPLINE VALIDATION

with a grazing incidence and vertical polarization, and placed

at 1.5m above a perfectly metallic ground plane (Figure 1) A. Design and calibration of the strip-line

The resulting transfer function between the current at one In laboratory conditions, it is essential to have an easy
extremity of the test-wire and the incident electric fiedd i handle and fully controlled illumination system. Such features
plotted n Figure 1 and attests that the required dynamic rangeave been obtained by exciting the RB top aperture aith
is reached with this structure. This dynamic range includes tr&irip-line installed over the aperture.

amplitude of the variations of resonances and zerodaithe The strip-line mounted on the top lid of the box is pictured

dimensions of the test-wire and the enclosure. in Figure 3. The heighth,=0.155m) and dimensions of the
strip-line have been chosen in order to preserve as much as
possible a 50 Ohms matching in the frequency bandwidth of
interest (up to 400MHz) as well as a homogeneous illumination
of the aperture.

ALICE - Illumination - Grazing incidence - Vertical Polarisation

| T I T 1 T
Cavity Resonances

Cable Resonances As a first step,he strip-line has been calibrated in terms of
S-parameters between its two extremities. The reflection and
transmission parameters,; S5, and $,, of the strip-line when

the upper trap-door is closed or open are drawn in Figure 4
These plots show that the strip-line has been correctly
designed. Indeed;Sis similar to $, which proves symmetry
and $; shows a smooth variation versus frequency, which
proves no significant mismatching in the frequency range of
interest
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Figure 1: 3D FDTD numerical simulation and calculdt&ihc transfer
function

Consequently it was decided that the RB could be designed
with the following characteristics:

- External dimensions: 1m x 0.6m x 0.6m

- Aperture: 0.35m x 0.2m on the top face

- Internal test-wire: 2.5 mm?2 cross-section, 1m long and Figure 3: Scheme of the strip-line onto the RB

10-cm height, running below the aperture, loaded at
both ends with a 50 Ohms load. D S .
9 T ] T ! ]
C. Sructuredesign A =

The manufacturedRB is assembled with rivets. 0.43m x
0.29m lateral rectangular trapdoors have been designed i
order to provide access to the operator inside the box Figure 2.

—— 811 - Trap-door closed
——  S11 - Trap-door open
=+ 822 - Trap-door closed
- $22 - Trap-door open
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Figure 4: Reflection §, S, and Transmission,gparameters of the RB strip-
line



B. Electromagnetic response of RB with the strip-line

o 1+
illumination Eo =( Su) (1)

2h,,,
a) Current measurement with the current probe h
The next step consists in measuring the induced current at | SH™ hy )
the extremity of the test-wire when the structure is excited by E_ = m 2)
¢4t S.I.l

the strip-line. In order to guarantee reproducibility of the &

measurement of the transfer function, we defined tWo Eyen if in this configuration we consider the short-circuited
requirements of the setup. First we identified thaas  electric field on the apertureE., this transfer function
necessary to ground the probe on a dedicated metallic brackgbasured in the strip-line (Figurgi fully consistent with the

at the level of the probe connector therefore minimizing anyesylt observed in 3D simulation in terms of frequency shape
induced parasitic signal. Second, we fixed the length of thgyrder of magnitude and test-wire and enclosure frequency
measurement cable to 50 cm in order to impose its roupng resonances) especially for frequencies over 360 MHz (Figure
to the wall SMA transitions towards the measuremeny) Note that we verified thd, can also be taken close to the

apparatus (Figure 5), therefore minimizing EM couplinggperture when this one is opened.
between the measurement cable and the testiiese setip

requirements have to be applied for tests on real test(s#es | T e

in Figure 7 the inconsistent transfer function response obtainec F — T
when the probe is not installed onto the bracket). i = Mol L Stniifed ek prob posifning

—— 3D FDTD ALICE simulation
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Figure 5: Installation of the current probe: a) tierent probe on its metallic
bracket, b) the measurement cable seen from the sidedoapin blue), c) gotede v e e Fev v o Lo n o ww vy o SR o

i le+08 2e+08 3e+08 4e+08
the measurement cable and the current probe seen fsae the RB Frequency (Hz)

Figure 7 I/Esc transfer function between the induced current hedstirface

b) Reference laboratory measurement of the transfer E-field onto the aperture in the strip-lineomparison with “reference”
function simulation result - advantage of using thacket device to support the current
probe

In the reference configuration, the upper trap-door of the
aperture is opened (Figure 6). The transfer function between
the current onto the test-wire and the short-circuit electric field v
onto the apertureEs, (the electric field when the trap-door is ' o ) )
closed) results to be a very stable quantity that can be deduced The next step consists in measuring the transfer function
from the measurement of the S-parameters between the inr.h_ﬁtween the current induced onto the internal test-wire and the

ILLUMINATION OF THE RB IN AN OPEN AIR TEST SITE

of the strip-line and the output of the current probe. incident free electric field in open air test site (OATS)
conditions. In this test, the instrumentation is the one usually
Ihsmp 500hm used by the Airbus Group in HIRF measurement campaigns
— Vi i) 00 An antenna is driven by an amplifier and a synthesiser which
1] s00hm )w, provide the required incident field in th8OMHz — 400MHZ]
oz o \_{ frequency rangeaccording to AIRBUS’s practises for such
Analyseur de Réseau V2 tests.. Current measurements are performedhwiurrent

= probes, optical fiber links aralspectrum analyser.

Figure 6: Set-up for the measurement of S-parametereéetiie RB strip-

line input and the current probe output In order to minimize as much as possible the effect of the

ground for our transfer function measurement, it has been
Since we can assume the strip-line works properly betweegecided to consider a horizontal polarization of the antenna.

30MHz and 400MHz; the E-field generated onto the aperture ievertheless the adequacy of the required dynamic range of
deduced fromi‘(1)” considering the absence of resonance anthe transfer function remains conditioned by the fact that we
taking into account the mismatching of the strip-line. At thestill apply the same local conditions of incident electric field
end, the transfer function can be expressed as a function of tha the aperture. Consequently, fRB must also be turned 90
measurement of ;$ between the probe and the strip-line anddegrees in the test area (the aperture is now on the side of the
the §; of the strip-line as reported*(2)” in which Zt is the  RB) as illustrated in Figure 8 in order to maintain the same
transfer impedance of the current probe: configuration of EM coupling as in the strip-line test or as in

the 3D simulation.



e A set of 2 possible zeros with a low level of

reproducibility depending on the type of current probe
. used for the current measurement. These frequencies
E have a large range of possible values.

30m

Consequently, the variability of referentés,,. transfer
functions characterizing EM coupling onto the RB
summarizedby a set of three curves as plotted in Figlife

i The three curves (average transfer function, upper bound and

;’E e a lower bound) take into account typical degree of

reproducibility and possible deviation due to the type of current

Various tests have been carried out in order to qualify ant  emeneams {
qguantify the level of sensitivity of the measured transfer = oweneso
function
reproducibility of measurements performed by different
operators, the influence of the type of current probes and th
influence of the incidence illumination angle onto the RB.
Figure 9 displays a typical transfer function measured ir
Airbus’s OATS in Toulouse I{E;,) and a comparison to the
strip-line configurationl{Es.).
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As seen forall available results, the transfer functions o
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Netvork Analyzer probes or angles incidence of the illumination on the RB.

Figure 8: Experimental procedure on OATS
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Figurel0: Reference data of IfEtransfer functions (Average, Lower
and Upper bounds) for an illumination of the RB immirmal configuration

In Figurel1l, Figure12 and Figurel3, we show examples of
results leading to acceptance or rejection of the validation of
the emission/measurement systerln Figure 11, the
measurement is validated because it remains globally within
the bounds of the transfer functions even if at some specific

V.

| L L L : frequencies (about 50MHz, 85MHz) peaks may exceed the
50 100 150 200 250 300 350 400 .
Frequency (MHz) upper boundary and if some zeros are observe86atMHz.
In Figure 12, the measurement is out of the bounds of the
transfer functionen the resonance region. Especially the f
DEFINITION OF REFERENCE TRANSFER FUNCTION fs, and s resonance frequencies are not well marked and
BOUNDS zeros appear outside the resonance region (250MHz). Such a

fsignature as in Figurk2 is typical of a problem of installation

Figure 9 I/Ei transfer function in OATS and in strip-line

induced current on the RB test-wire versus the incident electrf the current probe in the RB (connector not sufficiently
field or versus the short-circuited electric field show verydrounded).In Figure 13, a functional failure has been

specific signatures:

introduced on purpose to test the measurement frkn if
the goal of the RB is not primarily to detect functional upsets
of measurement equipment since each one is verified
separately before a test campaign, B can providea
complementary check prior to the testy Figure 13 the
Jneasurement is clearly out of the bounds of the transfer
functions below the resonance region (f<250MHz) and

A low frequency variation from 30MHz up to 250MHz
with a high level of reproducibility;

Two test-wire resonances around 150MHg4ff and
around 300MHz f ) with low quality factors

A domain of resonances above 300MHz with thre

characteristic enclosure resonances, (fz,, fzs) with .
high quality factors. The first resonance frequency withcommands to check the measurement link.

high quality factor, d;, overlays the second
transmission line resonance of the test-wire with low
quality factor, f.».
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Figurel3: Rejected measurement because of fault on the measurémkent |

CONCLUSION

The RB has been defined, designed and built in order to
verify the capability to measure HIRFE;,. transfer functions
(induced current over incident electric field in a configuration
of illumination) with the required dynamic range between
30MHz and 400MHz frequency banthis device is meant to
serve as a “sanity check” of the test equipment prior to any
aircraft level test campaigns. The RB measurement set-up is
thereby fully controlled in order to obtain the best level of
reproducibility, and provides some diagnosis means of
potential errors. In additiom strip-line allows a pre-calibration
of such EM coupling in a controlled laboratory environment
which may be used as a non-regression test in order to check
the integrity of the reference box in case of doubt on the RB
results.

The way to operate the RB in laboratory in order to obtain
referencd/E transfer functions is comparable to usual practices
with current/current measurement jigs. Nevertheless, so far, the
RB is planned to be used for HIRF verification tests only.
Indeed, the results presented in this paper concern a specific
OATS and they need to be confirmed by a larger exploitation
on different OATSs.
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