1 REVERBERATION CHAMBER An object of the present invention is an
element of a reverberation chamber that can be used in electromagnetic
testing. In the field of the electromagnetic testing, especially the testing of
electromagnetic compatibility and also the testing of resistance to
electromagnetic stress, there are known ways of subjecting devices to
electromagnetic excitation and of measuring their behavior. In certain
cases, the diffractive ptop@&REERATRCHODBGidEEWaves received by
these devices also have to be measured. In this respect, there is a known

electrgmagneti chamber. described in the document EP-B1-

179 SRS BRI OF RRRT, VR R I FRCah Sl A Gigation

d@aﬁ@b@stbat@@m@wﬂwm ghesisoviE R elictestingntion, the object to be

tested goulg lffléri]a SﬂthH'ée @é@bflédmhﬁgnét(@ﬁ@s@@sggﬁgﬁ]w?iﬁﬁe tgstm of
the ou ve,a hei nd, wi e order o

egé@i;gj rgﬁe?} r’g chf\én%j1 3?8 ¥)f égﬂeas a ou&[en r%sete 8\?5 trr]emstance o

%W%@,%’éeéﬁarﬁ%%ﬁn B SATRI I ANBUMERSTiIRh SUBIRSERG, d\dven o

aamltﬁﬁagb@‘@eexéitaaimem ¢ medadasitigetbbarhbenaid. thiscaniginneaises,
tﬁ@rﬁ}ﬁﬁ; 1135’5"6% 8?%@@@6&%@%9@ WaoH Q%QWL&V% St CH vices

en fe |n t is 'way, the antenna génerates ra oelectrlc
Eﬁ%‘? DfsalaRsaRaS Y& e fairly quickly into a stationary field in the
chamiverfziscoedipepto tavity isnadéspropeicoitterdigresisiotesbhthehamber

d"ék’ﬂﬁ@&ﬂ Fhﬁwéboh%@ﬂ%%ﬁ@lﬁ he_thampss isdhug %PEI%%FOHQ& pically

fl h | ff
B Ao LR STA bl R0 TS A AR P i RSO WL Bojgese walls.
1te§f&| lsrt\f@rtmrs psibkigstplet Bt aiedpubilily éfthe mi@#bhﬁ)@bﬁv%l an

diRyige, mé&m@wf ff@@ﬁﬁéﬁslbh@%ﬂﬂﬁ%d@iaﬁt%@rb’o%ﬂ@gﬁé@@ta height
ac?%e\?l at?ﬁSP}%% fﬁrée‘f"% wea’ﬁn Qf'stovf' %e %tal_p af{qggg %out fen

alues wnereas esses at her uencies )
rﬁ@é@f&&%@@om@@&&émﬁmbﬁm%m@ FORy. PGt one ffth of

trobestoess svas teradikerge tgyextent the result of measurements than a

represgntafion o, WS&‘%@G&@Q%H@p&%}ﬁBeWQﬁSdﬂL@ Sﬁ J r?sq %&R%cted
values, resonance cavity modes that get set up in't
outside’ the chamber, to”a high-frequency S|gna generator When fed in this

way, the antenna generates radioglectric waves which get propagated and
settie fairly quickly into a stationary field in the chamber, according to cavity
modes proper to the dimensions of the chamber. The object placed in the
chamber is thus subjected to this electromagnetic influence. For each of the
values of frequency of the excitation signal, it is possible fo measure the
behavior of the object tested. It is thus possible to piot the susceptibility of the
operation of this device as a function of frequency.

It was noted at an early stage that objects seemed io show high
immunity to stress at certain frequency values whereas they showed
weaknesses at other frequencies.

in practice, the robustness observed was sometimes illusory. This
robustness was to a far greater extent the result of measurements than a
representation of what actually happened. Indeed, for certain frequency
values, resonance cavity modes that get set up in the chamber lead to
excitation nodes at the position in which the object is placed. This gives the



excitation nodes at the position in which the object is placed. This gives

the 2 illusion that this object is insensitive to these excitations. To resolve
the problem, two approaches have been considered: A first approach
envisages the making of very big chambers. Indeed, the greater the
chamber, the more likely it is that numerous cavity stationary modes will
develop therein, leading to significant electromagnetic excitation at the
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antennas used. In the invention, it was observed by measurements that,
ultimately, making geometrical modifications in the walls through the use of a
stirrer as recommended in the above document but did not necessarily lead
to a sufficiently significant increase in the extensive variety of excitation
situations, barring the use of very large-sized stirrers which would
considerably reduce the payload volume of the chamber,

In the invention, the antenna in the chamber is deemed to have has a
main direction of emission. To further increase the variety of cavity modes
available, it is then planned to modify the main direction of radiation of the
antenna in the chamber, i.e. relative to a referential system in which it is
mounted. In one approach, the antenna is external to the stirrer. If necessary
in this case, the antenna could be separated from the object by a screen or
else it couid be oriented with its major lobe in a direction oppoesite that of this
screen so that the main direction of irradiation of the antenna preferabiy



in this case, the antenna could be separated from the object by a screen

or else it could be oriented with its major lobe in a direction opposite that

of this screen so that the main direction of irradiation of the antenna
preferably 3 cannot attain the object directly. The idea is to obtain at least

a certain number of reflections befor@ the wave reaches the object. Acting
in this way procures the greatest variety of excited modes while, at the
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- Figure 3 shows an aliernative embodiment of the stirrer.

Figure 1 shows a reverberation chamber 1 according o the invention.
This chamber 1 has walls such as 2 to 7 which are preferably reflective walls,
for example ali lined with metallization, especially metal plates such as the
plates 8 to 10. The chamber 1 is preferably closed on all its faces. Since the
walls 2 to 7 are designed to reflect waves, it is possible rather making a
metallization to provide for a gradient of refraction indices to obtain an effect
of the same order. The chamber 1 furthermore has a support 11 1o support
an object 12 subjected o a radiation test. The object 12 may be any
unspecified object but preferably an electronic type of object. It may for
example be a sateliite, an instrument panel of an aircraft, a microcompuier
frame or any other apparatus. The object 12 is furthermore connecied by a
communications and power supply bus 13 to a test management device 14,
This device 14, by ifs principle, will have a microprocessor 15 connected by a
bus 16 to a program memory 17 comprising a test program 18, a data




frame or any other apparatus. The object 12 is furthermore connected by

a communications and power supply bus 13 to a test management device
14. This device 14, by its principle, will have a microprocessor 15
connected by a bus 16 to a program memory 17 comprising a test

program 18, a data 4 memory 19 to record results of measurement or to
contain measurement parameters and an interface 20 for
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dherselipg 24 Rrefore that of the stirrer 26 is controlied by means of a
motor 29 connacted by a control bus 30 to the interface 20. Preferably, the
motors 24, 25 and 29 are stepping type motors and are used to make the
objects that they move maintain fixed positions in space within the chamber,
In practice, the stirrer 26 is placed above the object 12, hence above the
support 11. There is a space between the stirrer 26 and the obiect 12. The
stirrer 26 however can be shifted laterally from the vertical to the centre of the
object 12. The stirrer 26 is preferably suspended to the ceiling 2 of the
chamber 1.

Preferably, a situation where the antenna 21 does not interact with the
walls of the chamber 6 and 4 and irradiates the object 12 directly with its
main orientation 23 is avoided. Several approaches are possible. Preferably,
the antenna 21 will be placed in an intermediate position between the object
12 and a reflective wall, in this case for example the wall 6. In this case, the



chamber 1. Preferably, a situation where the antenna 21 does not interact
with the walls of the chamber 6 and 4 and irradiates the object 12 directly
with its main orientation 23 is avoided. Several approaches are possible.
Preferably, the antenna 21 will be placed in an intermediate position
between the object 12 and a reflective wall, in this case for example the
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This mode of action means that, in order to bring about variety in the

cavity modes created in the chamber 1, there is no need 1o shift the object
12, an action that would be relatively impossibie if this object were to be
large-sized, especially if it were to be a satellite. However, it is possible fo
imit the process to moving a horn 21 In orientation (this is simple) by
continuing to make the stirrer 26 rotate. Thus, a positional stirring is obtained.

In a preferred variant shown in Figure 2, the antenna 21 will be
replaced by an isotropic antenna 32 situated besides within a confinement
cylinder 33 forming the stirrer. The cylinder 33 is for exampie made of metal.
It is preferably refiective for electromagnetic waves. The antenna 32 will for
example be borne by the floor 5 of the chamber 2 while the stirrer 33 which
surrounds it will be suspended from the ceiling 2. In this case, the support 11
is shifted. Or else the antenna 32 and the stirrer 33 are suspended together.
Figure 2 does not show that the antenna is situated in the cylinder but in
practice it is placed therein.



replaced by an isotropic antenna 32 situated besides within a confinement
cylinder 33 forming the stirrer. The cylinder 33 is for example made of
metal. It is preferably reflective for electromagnetic waves. The antenna
32 will for example be borne by the floor 5 of the chamber 2 while the
stirrer 33 which surrounds it will be syspended from the ceiling 2. In this
case, the support 11 is shifted. Or else the antenna 32 and the stirrer 33
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in order to avoid symmeitries which are at the core of the absences or
deficits of excitation encountered, and of the dispersion in values between
chambers, the invention preferably places the rotation shaft 42 (Figure 1) of
the stirrer 26 or 33 at a third of each of the dimensions of width OX or length
QY of the chamber 1. Similarly, the centre of the stirrer 33 and therefore the
antenna 32 will also be placed at a third of the height OZ starting from the top
or starting from the bottom. In thus preventing the stirrer from being placed in
a median position, the invention averts symmetries and prompts the creation
of a greater number of cavity modes.
in the depiction of Figure 2, the stirrer 33 is voluminous and may

contain the antenna 32. This antenna 32 may have the shape of an isotropic
antenna or the shape of a horn with a major lobe 23 as shown on Figure 1.
And in this case, the antenna may also rotate independently of the stirrer 33.



the stirrer 26 or 33 at a third of each of the dimensions of width OX or

length OY of the chamber 1. Similarly, the centre of the stirrer 33 and

therefore the antenna 32 will also be placed at a third of the height OZ
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positional. 8 CLAIMS 1 - Reverberation chamber (1) comprising, within
the chamber, a radioelectric antenna (21) having a main direction of
radiation (23), reflective walls (2-7), a support (11) of an object (12)
subjected in testing (14) to radioelectric radiation, characterized in that it
comprises a radiation stirrer (26) situated in the chamber and means (24,
25) to modify the orientation of the main direction of radiation (23) of the
antenna in the chamber. 2 - Chamber according to claim 1, characterized
in that the means (24, 25) to modify comprise means to modify the
orientation of the main direction in rotation, in



azimuth and/or in elevation, relative to the plane of the chamber. 3 -
Chamber according to one of the claigns 1 to 2, characterized in that the
stirrer (26) comprises a reflecting cylinder (33). 4 - Chamber according to
claim 3, characterized in that the cylinder is pierced with holes (34 - 40). 5
- Chamber according to claim 1, characterized in that the holes are round,
and/or oblongs and/or with arms SAMBAS distributed on the rim of the
cylinder in regular or progressive or random series, and in identical or
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chastitgrer possesses a dimension that is greater than 209 one of the

dimensions of the chamber. 8 - Chamber according to one of the claims 1
to 7, chhpieRaiRerAding inclaiimrdr ehamsiereardp thebiheanemar (24).25) to
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regular or progressive or random series, and in identical or progressive sizes, as a
function of the range of frequency of the radioelectric signals to be characterized.

6 - Chamber according to one of the claims 1 to 5, characterized in that the
means comprise means to modify the main direction step by step and/or means to
move the stirrer step by step and to explore all directions for a tested frequency.

7 - Chamber according to one of the claims 1 to 6, characterized in that the
stirrer possesses a dimension that is greater than 20% of one of the dimensions of
the chamber.

8 - Chamber according to one of the claims 1 to 7, characterized in that the
stirrer is supported by a vertical shaft (42).

9 - Chamber according to one of the claims 1 to 8, characterized in that the
center of the stirrer is placed at a third of each of the dimensions of the chamber.

10 - Chamber according to one of the claims 1 to 9, characterized in that the
antenna (32) is situated in the stirrer (33).

1 - Chamber according to one of the claims 1 to 10, characterized in that the
stirrer has deflectors (44) fixed to a reflective surface.

12 - Chamber according to one of the claims 1 to 11, characterized in that the
object subjected to the test is an electronic apparatus.

13 - Chamber according to one of the claims 1 to 12, characterized in that it
comprises a metal screen interposed between the antenna and the object.



