UNIVERSITYW

! " #l

$ %&' #( %) * # + , -.-,00/ 1" # 23
+ 4 4 & # " 5 678 $ * | & 9

& #7 : 9+ 69 ; 1:&6: $3% 2 7

89 9 :&6: 2% ,08 2%$ 17 $ 3

# + 0:&6: 2//-0 .

79# # #: % + 5#
# # 9 . # #H# # # 5 #% 9 #
+ ; + # 9 # #

'5 # # 9 #

9
7 # = %
9 + < # + # # # >

A White Rose

| .- university consortium

‘\ /‘ Universities of Leeds, Sheffield & York



Using the 'Test Wire' Method as an Alternative to
the CISPR 12 Full Vehicle Measurement Method.

Max Paterson John F Dawson
Department of Electronics Department of Electronics
University of York, HORIBA MIRA University of York
York, United Kingdom York, United Kingdom
Email: mp638@york.ac.uk Email: john.dawson@york.ac.uk

AbstracBThis paper investigates the use of the 'Test Wire [4] for example) in a number of ways (no antenna height or
Method' in an attempt to reduce the errors in the current azimuth scan are employed) . The two parameters that have
CISPR 12 full vehicle radiated emissions tests due to the vehicle possibly the largest effect on the overall emissions signature
directivity . CISPR 12 measurements are performed using a ®xed ded th ientati fth . t ith ¢
geometrical con®guration, this method is different to many other recorde e_lre e orienta '9” orthe rece'v_e antenna with respec
radiated emissions standards where receive antenna height scant0 the vehicle and the height of the receive antenna above the
and device under test azimuth rotation through 360 degrees is measurement facility groundplane. when performing a CISPR
employed in an attempt to maximise the emissions recorded. A 12 measurement, the receive antenna is positioned normal to
Test Wire' system was originally suggested as method of per- yhq gige of vehicle, in line with the centre of the engine block

forming in-situ radiated emissions measurements on physically . ) .
large electrical machines. The current CISPR 12 test method at a preferred distance of 10 m @:2m), see Figure 1 for

potentially under-estimates the emissions levels signi®cantly for details. A distance of 3 m (0:05m) may be used as long as
a representative body-shell model, the results obtained during the length of the vehicle is not greater than the 3dB beamwidth
measurements of a scale model, using the Test Wire Method of the receive antenna. The height of the receive antenna is
are discussed and compared to the standard CISPR 12 methods. gy aq at 3 m (0:05m) for the 10 m measurement distance or
The initial ®nq|ngs suggest that using the Test ere Method 1.8 m ( 0:05m) in the case of a 3 m measurement distance
may offer an improvement (in the region of 4dB) in the error : e ) . '
recorded in determining the maximum amplitude of the emissions 1he majority of other international standards (EN 55022 [2],
signature of the vehicle, within the measurement environment CISPR 16-2-1 [3], ANSI 63.4 [4] for example) concerning the
being utilised. It is hoped that by the use of an increased measurement of the radiated emissions signature of an item
number of ?°n®g”rgti°”5 0‘; tze Ametahs.”reme”t dmOd?’l')' f“”heL utilise a method whereby the Device Under Test (DUT) is
:nmprzfggr?s: ?hr; a%eaiurécrg;n? }esjlts I\SNiﬁaB:r V;%C;;egs uv;:)nrg rotated througl$603(|n|thlly using an angular step size of no
simulations of an EM scale model as the next part of this more thanl%) in the azimuth plane and the receive antenna
program. height above the ground is a scanned between 1 m and 4
m in order to maximise the emissions. The use of just two
|. INTRODUCTION . T )
) ) _ ~azimuth angles and one ®xed antenna height in the automotive

Any electronic device can be considered to be an unintegandard limits the possibility that the maximum emissions of
tional transmitter of radio frequency energy. This energy withe DUT will be recorded. For clarity throughout this paper
propagate away from the device with unknown directions aRge two angles (as shown in Figure 1) used during a CISPR 12
amplitudes, in order to ascertain the direction at which thgeasurement will be referred to 8% and 180 respectively.
maximum amplitude occurs a full spherical scan of the device The use of electromagnetic (EM) modelling techniques to
with a measurement system is required. This method is bgfyestigate how the vehicle body shell affects the directivity
costly and time consuming. The aim of performing radiategt the radiated emissions is possible. Much work has been
emissions measurements of a device is to attempt to recgidyiously carried out in the area of EM modelling of vehicles
the maximum allmplltude. of the emissions, however, due to the [6], [7], [8], [9], however, most of this work considers the
time and cost involved in performing a full spherical scan @e|ds inside the vehicle when it is illuminated by an external
reduced measurement method is normally utilised. RF source.

The _current_ international stand_ard u_sed when measuringrnis paper describes work in progress into investigations
the radiated disturbance from vehicles is CISPR 12 [1]. Thgio the errors in the full vehicle radiated emissions due to
standard sets out to :- vehicle directivity using the 'Test Wire' method and comparing

‘Provide protection for broadcast receivers inthe  the results to the current CISPR 12 method. The paper presents
frequency range of 30 MHz to 1000 MHz when used  further work performed by the authors where the errors in the
in the residential environment'. emissions signature of a representative vehicle bodyshell were

The methodology stated within CISPR 12 differs from manivestigated [10]. The long term aim of this current work is to
other Standards (EN 55022 [2], CISPR 16-2-1 [3], ANSI 63.determine if the 'Test Wire' method could offer an alternative
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The initial studies into the K Factor (Catrysse et al [11])
were performed using EM modelling techniques, this enabled
a full spherical scan of the E ®eld to be performed with relative
ease (as opposed to the very time consuming methods that

would be used if a physical model were measured).

H.H. _______________ 2| I oo One concern that was raised during the investigations was

i the 150 terminations on the Test Wire. The impedance value
was chosen as it was assumed that the characteristic impedance
of the test wire wasl50 . However, it was noted, that care
in the setup and positioning of the Test Wire above the DUT
was required in order ensure that the impedance was actually
150 .

Variations to the Test Wire method have been investigated,
in part, to try to alleviate the impedance issue noted above.
One alternative method suggested [12] was to use for a 'Micro-
r%gp' arrangement by placing the Test Wire directly onto the
surface of the machine, with the wire gauge and the insulation
thickness being chosen to produce a characteristic impedance
A. Test Wire Method of 50 , this would enable the the measurement equipment to

) o ) ~_ be more easily interfaced to the wire.
A method proposed for testing the in-situ radiated emissions

of large machines was ®rst suggested under a European prdgecBimulation Model
known as TEMCA2 carried out in 2003 [11]. The system work has begun in an attempt to investigate if the er-
worked by using a wire stretched over the machine to megys introduced by using the current CISPR 12 test can be
sure the radiated emissions rather than using a conventiopg|yced by the use of an alternative methodology. For the
antenna. initial investigations a simpli®ed vehicle body shell has been
The system became known as the Test Wire Method' Igodelled using CONCEPT 11 [13] . The model was designed
the initial SyStem the wire was stretched over the maChinEt@trepresent the size and Shape of the passenger Compartment
a distance of 10 - 50 cm above the surface (the length &f a typical family car. It was built using simple geometric
the wire was chosen so that this distance could be maintaingthpes with the main panels forming a simple rectangular
for different orientations of the wire over the DUT and Stilbox Shape, and consists of a central passenger Compartment
maintain the same separation from the largest point of tgth apertures to represent windows. The apertures were left
DUT). The ends of the wire were connected to the metgh-®lled (no attempt has been made to simulate the window
chassis of the machine using ¥50 termination . This glass). The simple vehicle shape was chosen not only to act as
termination impedance was set160 at one end and00 3 representation of a vehicle but was also designed to enable a
in series with with thes0  of the measurement system at th@cale physical model to be built with relative ease. The purpose
opposite end.The voltage (designated U) across the terminati#ihe physical model will be to act as a validation method for
impedance, at the measurement equipment end, was meastfigdimulation model, this will be peformed as the next part
at each frequency of interest. This voltage was then converigghis program of work and reported on at a later date.
to a ®eld strength by means of a so called 'K Factor', which The EM model is 45 m x 1.7 m x 1.5 m (| x h x w)
is analogous to a standard receive antenna factor. a representation of which can be seen in Figure 2. A series
The 'K Factor' was calculated as the ratio between thgf small monopole antennas (270 mm long) were positioned
maximum measured E Field (over a full spherical scan) amgside the model to excite an electric ®eld within the enclosure.
the measured voltage U for all test wire con®gurations. Frorhe monopoles were driven by a 1V source with an internal

Ground Plane

Antenna

Fig. 1. CISPR 12 Radiated Emissions Measurement Con®guration

to the current CISPR 12 procedure and as a conseque
possibly reduce the errors introduced.

equation 1 a range of values for K is obtained source impedance &0 . The position of the monopoles were
The K Factor is de®ned as: chosen to offer an variety of places where electronic devices
could be positioned inside a typical passenger vehicle.
K =20:log Elﬁ‘@”)‘) (1) Details of the relative position of the monopoles are shown

in Table | and Figures 3 :

where E is the maximum measured E Field (over a full 1) Simple Vehicle Test Case Physical Mod#i: order to
spherical scan) and U is the measured voltage across thdidate the Simle Vehicle Test Case (SVTC) simulatior% a
termination resistor. scale model was built. the body of the physical model was

Using multiple orientations of the Test Wire, K Factorgonstructed from 9 mm MDF sheets , the sheets were glued
were produced at each frequency of interest, which gavetagether using PVA glue and a minimal amount of panel pins
a spread of values from which an average value of K Factmr hold the structure together whilst the glue dried. Once the
was calculated for each frequency. basic shell was built BNC sockets were mounted in the base



base of the model. Two test wires were suspended 67 mm
above the surface of the model using nylon spacérsh(e
height of the full size EM model). Each end of the Test Wire
was terminated to the body of the model through a resistor
(220 at one end and70 at the end that the measurement
system would be connected to. The impedance was 'adjusted’
from the values used in the simulation model to compensate
for the Test Wire being 67 mm above the surface and not
200 mm). Test Wire 1 was positioned parallel to the length of
the model(along the centre line), test Wire 2 was positioned
parallel to the width of the model. Details of the physical
model can be seen in Figures 4 to 5.

Fig. 2. Simple VehicleTest Case 'Simulation' Model', Showing 'Test Wires'

Relative Harness Positions and Dimensidhs
Description X Position (m) Y Position (m)
Monopole 1 || -1.88514 0.607143
Monopole 2 || -1.76351 -0.121429
Monopole 3 || -0.485714 -0.790541
Monopole 4 || 0.668919 0.121429
Monopole 5 1.39865 -0.607143
TABLE 1
RELATIVE MONOPOLEPOSITIONS

Fig. 4. Third Scale Physical Model

Fig. 3. Floor Pan of Simple Vehicle Test Case Passenger Compartment
Showing 'typical' Monopole Location

of the model, at the same position as the monopole sources

in the EM model. A total of 5 BNC sockets were mounted, Fig. 5. Close Up Detail Showing Test Wire Spacers

to each socket a length of screened coaxial was attached to

allow a signal source (YORK EMC CNE lll) to be connected. The impedance of the test wire was measured before tests
It is planned that a small signal source that can be connectezfjan, as can be seen in Figure 6 the the impedance was
directly to the BNC socket (dispensing with the need for theot 250 at all frequencies as calculated. This was due to
coaxial cable) will be built and the measurements repeatedthe fact that there was not a solid groundplane under the full
determine if the results are affected by the wire connectidength of the Test Wire (due to the window cutouts). Further
between the source and the BNC. A 270 mm long top-hiivestigations are planned to determine if alternative routing
radiator was then connected to each of the BNC socketsthe Test Wire could possibly reduce the resonances on the
in turn. The outer surface of the model was covered wiffest Wire and give an impedance closer to the nonm2adl
aluminium foil with all seams covered in conductive coppeacross the frequency range being considered.

tape to ensure continuity from one piece of foil to the next. 2) Simple Vehicle Test Case Simulation Mod€he initial

The internal base of the model was also covered in aluminiunvestigations performed were to determine the amplitude
foil (which was also bonded to the outer surfaces). The outefr the emissions that would be recorded during a typical
terminal of each BNC connector was bonded to the metall@SPR 12 test setup (from either side of the vehicle). An EM
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