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(57) Abrege/Abstract:
he present invention relates to an electronic equipment rack arrangement principle.

In order to allow for the maximum use of COTS (component off the shelf) modules, or, at least, maximum use of "standardized"
modules, primarily in relation to the electronic functions of said rack, the electronic equipment rack according to the invention offers
a configuration in which the function modules (3) and the interface modules (8) are juxtaposed, preferably vertically, and the
electronic functions handled by the function modules (3) are decoupled from the interface functions handled by the interface
modules (8).

Such a rack also allows for all the maintenance operations to be done through the front panel (F) of said rack, all of its component
modules being made accessible from this side.
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ABSTRACT

The present invention relates to an electronic equipment rack arrangement
principle.

In order to allow for the maximum use of COTS (component off the shelf)
modules, or, at least, maximum use of “standardized” modules, primarily in
relation to the electronic functions of said rack, the electronic equipment
rack according to the invention offers a configuration in which the function
modules (3) and the interface modules (8) are juxtaposed, preferably
vertically, and the electronic functions handled by the function modules (3)

are decoupled from the interface functions handled by the interface
modules (8).

Such a rack also allows for all the maintenance operations to be done

through the front panel (F) of said rack, all of its component modules being
made accessible from this side.
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Avionics rack arrangement

The present invention relates to an electronic equipment rack arrangement,
and more particularly an avionics rack arrangement.

Currently, there are numerous possible configurations for avionics racks, or

electronic equipment racks in general, of which three main types are
usually encountered.

In simple terms, an electronic equipment rack is made up of a mechanical
structure comprising a motherboard, electronic equipment handling a set of
functions and combined under the designation of function modules, and
interface elements allowing for the link with an environment, for example
the rest of the aircraft in the case of an avionics rack. Such electronic
equipment generally comprises boards or “single replaceable units” (SRU).
An electronic equipment rack also comprises internal connectors enabling
the motherboard, the electronic equipment and the interface modules to be
interconnected, and external connectors enabling the link with the
environment of said rack. There is generally a side of the rack that is easily
accessible: this side is called the front panel of the rack. From this side, it is
usually possible to access the function modules and work almost directly
on the electronic equipment or SRUs. The opposite side, generally difficult
to access, is called the rear panél of the rack.

Whatever the chosen configuration in the current state of the art, major
drawbacks emerge, notably making the maintenance of these racks
difficult. There are various such defects generally encountered:

. need to introduce interface elements within the function
modules, and therefore the electronic equipment: this leads in
fact to the at least partial loss of the possibility of using
COTS-electronic equipment because, notably in the case of
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an avionics rack, the interface modules are specific to each
aircraft,
. need to disconnect the rack from its environment to access
the electronic equipment, despite the fact that the
maintenance operations performed thereon are generally

frequent,

. external connectors situated on the rear panel, and therefore
generally difficult to access,

. need to dismantle the complete rack to access the interface

modules, making a maintenance operation of this type
lengthy and complicated,

. great depth of the rack (distance between the front panel and

the rear panel), corresponding to a topology that is ill suited in
particular to areas along the sides of the aircraft.

Defects in the non-exhaustive list above make it necessary to search for an
optimum configuration for the electronic equipment racks: such is the
subject of the present patent application.

According to an aspect of the present invention there is provided an
electronic equipment rack, designed to be on board a craft such as an
aircraft, the electronic equipment rack comprising:

a mechanical structure;

a motherboard having first internal connectors and second internal
connhectors;

at least one function module handling a set of functions via electronic
equipment and having internal connectors enabling interconnection with the
first internal connectors of the motherboard:

at least one interface module designed to provide an interfacing
function between said at least one function module and the electronic
equipment rack environment, the at least one interface module being linked
to external connectors and having internal interface connectors enabling
interconnection with the second internal connectors of the motherboard;

a front panel corresponding to a side of the electronic equipment rack
through which the electronic equipment of the at least one function module
can be accessed, the front panel being opposite a rear panel,
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wherein the mechanical structure of the electronic equipment rack
comprises a first and a second cabinet, the first cabinet containing the
electronic equipment that constitutes the at least one function moduie, and

the second cabinet containing the at least one interface module,
wherein the at least one function module and the at least one
interface module are juxtaposed in a direction orthogonal to the normal to

the front panel, and
wherein the at least one interface module can also be accessed

through the front panel of the rack.

In a preferred embodiment of the invention, the function module and the
interface module are stacked.

Advantageously, the first cabinet can comprise integrated cooling means,
notably for cooling the electronic equipment.

Advantageously, the second cabinet is shorter than the first cabinet in a
direction orthogonal to the front panel of the rack.

Advantageously, the Interface module is sufficiently shorter than the
function module for a free space contiguous to the interface module to be
available between the front panel of the rack and said interface module.

Advantageously, the motherboard is located on the side of the rear panel of
the rack, the function and interface modules being connected to it, and in
that the external connectors linked to the interface module are located on

the side of the front panel of the electronic equipment rack.

- An electronic equipment rack according to the invention comprises:

. a processing area, where the internal connectors of the
function module and the first internal connectors of the
motherboard are interconnected,

. an interface area, where the internal interface connectors and
the second internal connectors of the motherboard are

interconnected,
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and the internal interface connectors advantageously occupy only a
fraction of the surface area of the interface module facing the motherboard,
which provides for a wide free area between said processing and interface
areas.

Advantageously, the function module comprises “off-the-shelf” electronic
equipment (otherwise referred to as COTS, standing for “components off
the shelf").
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Advantageously, the function module and the interface module have
different pitches.

Advantageously, all or some of the external connectors linked to the
interface module can meet one of the following specifications: ARINC 600,
ARINC 404 A, MIL 83 527, EN4640, EN4165.

Advantageously, all or some of the external connectors linked to the
interface module can be fibre optic connectors.

Advantageously, the electronic equipment rack comprises from one to
several interface modules linked to one or more function modules.

Advantageously, the interface module comprises an optical star-type

element enabling the distribution of optical signals, notably in the
environment of the electronic equipment rack.

Advantageously, said optical star-type element may be passive.

Advantageously, an avionics rack on board an aircraft, can be made up of
at least one electronic equipment rack according to the invention.

Advantageously, an avionics rack can comprise an interface module
including a filter-type protection function, suited to said aircraft.

Advantageously, an avionics rack can comprise an interface module
including a lightning-protection function, suited to said aircratft.

Advantageously, an avionics rack can comprise protection and insulation
functions between the “aircraft wiring” and the function module.

Advantageously, the interface module comprises transformer- or fuse-type
elements handling said protection and insulation functions between the
“aircraft wiring” and the function module.
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Other features and advantages of the invention will become apparent from
the description that follows, given in light of the appended drawings which

represent:
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. figu‘re 1- the diagram of a first possible electronic
equipment rack configuration according to the state of the art,
. figure 2: the diagram of a second possible electronic
equipment rack configuration according to the state of the art,
. figure 3: the diagram of a third possible electronic
equipment rack configuration according to the state of the art;
. figure 4: the diagram of a possible optimized configuration

for electronic equipment racks, according to an embodiment

. of the invention,;
figure 5a: the simplified diagram of an electronic equipment
rack arranged according to an embodiment of the invention,
o highlighting a free area at the heart of the rack,
figure 5b: the illustration of the nossibility of having a wide
free area enabling the signals to be sorted and distributed
according to the pattern of a motherboard and its internal
connectors in an electronic equipment rack configured
o according to an embodiment of the invention;
figure 6: the diagram of an electronic equipment rack
according to an embodiment of the invention, having internal

and external optical connectors.

The present invention relates to an electronic equipment rack arrangement
principle, and more particularly an avionics rack arrangement principle. The
aim of this arrangement is notably to allow for the maximum use of COTS
(component off the shelf) modules or, at least, a maximum of
“standardized” modules, if possible independent of the type of aircraft,
primarily with regard to the electronic functions of said avionics rack. It also |
enables all the maintenance operations performed on a rack arranged
according to the invention to be able to be done via the front panel of said
rack, all of its component moduiles being made accessible from this side.

Figure 1 shows a diagram of a partial section of an aircraft comprising an
electronic equipment rack. The aircraft comprises a wall A, a cargo area C
and, between the two, an area in which avionics racks can be installed.

The passenger deck is represented by the identifier G, and the floor of the
cargo area by the identifier S.
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The arrow F indicates the front panel of the rack whereas the arrow B
indicates the rear panel.

The rack comprises a mechanical structure 1 that is often called “back”, a
motherboard 6, function modules 3, consisting of different SRUs or
electronic equipment. The internal connectors 50, on the side of the
function modules 3, and 51, on the side of the motherboard 6, enable the
various electronic equipment items of the function modules 3 to be inter-
connecteq, via the motherboard 6, and the wiring 10, connected to the

external connectors 71 and 72 and providing the link with the rest of the
aircraft.
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In such a configuration, the interface functions between the electronic
equipment and the rest of the aeroplane are not independent of the
function modules 3. Now, passive interface elements, such as lightning
protections or filters are generally necessary and specific to each aircratft.
The introduction of these interface functions within the electronic functions
of the function modules 3 makes it almost impossible to use electronic

equipment of COTS type or “standardized” electronic equipment, that is,
equipment that is compatible with different aircraft or widely distributed.

Furthermore, the topology associated with this configuration means there is
a need to disconnect the “aircraft wiring” 10 from the connectors 71, 72 to

be able to access the function modules 3 in the context of a maintenance

operation on the electronic equipment. Such maintenance operations,
which are frequent, are therefore slowed down.

Figure 2 shows a second possible configuration of an avionics rack
according to the state of the art. In addition to the elements already shown
in Figure 1, the rack of Figure 2 comprises interface modules 8 for which
the interconnection with the motherboard 6 and the function modules 3 is
provided by means of second internal connectors 54, 55. It thus becomes
possible to use a maximum of COTS-type or “standardized” electronic
equipment to construct the function modules 3. In effect, the interface
functions, comprising the specific elements such as the lightning
protections, are handled by the interface modules 8.

On the other hand, in this type of configuration, the interface modules 8 are

located on the side of the rear panel B of the rack. Similarly, the external
connectors 71, 72 enabling the connection of the “aircraft wiring” 10 are on

the side of the rear panel B of the rack. Thus, the “aircraft wiring” 10,
situated on the side of the wall A, becomes difficult to access. This also
complicates any maintenance operation on the interface modules 8.
Despite the fact that this type of maintenance is less frequent than the
maintenance on the electronic equipment of the function modules 3, it is
still regular.

Furthermore, this configuration increases the depth of the rack because of
the addition of the interface modules 8 on the side of the rear panel B. The

space needed between the cargo area C and the wall A of the aircraft is
therefore increased.
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Thus, the drawbacks associated with this configuration are still a major
consideration.

Figure 3 represents a third example of avionics rack configuration that
exists in the current state of the art. According to this configuration, an
interface board 9 can be connected to the motherboard 6 on the side of the
rear panel B of the rack. This means that, because of the geometry chosen
for the motherboard 6 and the interface board 9, it is possible to have
external connectors 71 on the side of the front panel F of the rack. The
interface board 9, connected to the motherboard 6, is in an intermediate
position between the function modules 3 and the aircraft.

While there is a real improvement in the topology compared to the first two
configurations, there are still defects. Firstly, according to this configuration,
the presence of an interface board 9 is possible but not systematic. It if is
omitted, there is the drawback of having to introduce interface functions at
the core of the electronic equipment of the function modules 3, making the
use of COTS-type or “standardized” electronic equipment improbable.

If present, this interface board 9 increases the depth of the rack, meaning
that more space is needed between the cargo area C and the wall 3.
Furthermore, a maintenance operation on such an interface board 9,

located on the side of the rear panel B of the rack, is complex and costly in
time.

To sum up, all of the electronic equipment rack configurations of the
current state of the art present major drawbacks, notably in terms of
difficulty in carrying out maintenance operations, or footprint.

Given this context, the invention proposes an enhanced electronic
equipment rack configuration. Figure 4 illustrates one example thereof.
This electronic equipment rack presents an original topology, in which the
function modules 3 and the interface modules 8 are juxtaposed in a
direction orthogonal to the normal to the front panel F of the rack. This
topology notably makes it possible to minimize the distance between the
front panel F and the rear panel B of the rack. In the chosen example, it is
a vertical topology. The interface modules 8 are here located under the
function modules 3. It should be noted that it would conversely be possible
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to have the interface modules 8 above the function modules 3 while
retaining the same type of vertical topology. Moreover, in an electronic
equipment rack according to the invention, the function modules 3 and the
interface modules 8 can be juxtaposed side-by-side.

In Figure 4, it can be seen that the second internal connectors 54, 55
enable the interface modules 8 and the motherboard 6 to be
interconnected whereas the first internal connectors 52, 53 enable the
function modules 3 and the motherboard 6 to be interconnected. The
motherboard 6, totally passive, supports only the internal connectors 53,

55.

The structure of the rack comprises two “backs” or cabinets 1 and 2. The
first cabinet 1 is designed to receive the function modules 3 comprising
electronic equipment, for example SRUs. Such electronic equipment can
be independent of the type of aircraft for which the avionics rack is
intended. They are, moreover, directly accessible via the front panel F of
the rack, which facilitates the maintenance operations on the function
modules 3. It will also be noted that the first cabinet 1 can comprise cooling
elements designed to avoid any unwanted overheating of the electronic
equipment. This cooling can be provided by a circulation of coolant or by
forced air distribution, for example.

Under the first cabinet 1, there is a second cabinet 2, housing the interface
modules 8. Generally, an interface module 8 is shorter and less bulky than
a function module 3, because it is less complex. Consequently, the second
cabinet 2 is shorter than the first cabinet 1. Since the two cabinets 1, 2 are
aligned on the side of the rear panel B of the rack, a space is made
available upstream of the second cabinet 2, on the side of the front panel F
of the rack. This space enables the “aeroplane wiring” 10, connected to the
external connectors 71, 72, not to extend beyond the front panel F of the
rack, which shelters it from any mechanical degradations and/or facilitates
the fitting of a possible reinforcing plate on the front panel F of the rack.

In the rack configuration proposed here, the pitches and the thicknesses of
the function modules 3 can differ from those of the interface modules 8.
The interface modules 8 adapt best to the external connectors 71, 72 of the

aircraft and can provide for a continuity of the segregation routes of the
aircraft as far as the modules.
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For their part, the function modules 3 can comprise COTS-type or
“standardized” electronic equipment. The interconnection between the
function modules 3 and the interface modules 8 is provided by the internal
connectors 52, 53, 54, 55.

The maintenance of the interface modules 8 may require the disconnection
of the “aircraft wiring” 10, but access to said interface modules 8 is via the
front panel F of the rack. Furthermore, it should be noted that the
maintenance operations on the interface modules 8 are generally less
frequent than on the function modules 3, notably because of the passivity
of the interface modules 8 that consequently dissipate no, or little, power.

This vertical organizatioh makes a free area 30 available between the
interface area 40 and the processing area 20 within the rack, between the
function modules 3, the interface modules 8 and the motherboard 6.

This is what Figures 5a and 5b show. In practice, as the diagram 5a shows,
the length La of the external connectors 71, 72, to which the "aircraft
wiring” 10 is connected, is conventionally greater than the length Li of the
second internal connectors 54, which allows for connection between the
interface modules 8 and the motherboard 6. Consequently, as Figure 5b
shows, a free area 30 of length Lf appears between the processing area 20
of length Lt, corresponding to the area of interconnection between the
function modules 3 and the motherboard 6, and the interface area 40 of
length Li, corresponding to the area of interconnection between the
interface modules 8 and the motherboard 6. As an example, in the case of
an avionics rack with external connectors 71, 72, suited to the aircraft, of
EN4640 or EN4165 type, and with internal connectors 52, 53, 54, 55 of
“ZD” type, the following values are possible:

. La is 90mm, Li is 50mm approximately = Lf is
‘approximately 70 mm to 80 mm,
o La is 190 mm, Li is 100 mm approximately = Lf is

approximately 120 mm to 130 mm.

Thus, this free space 30 represented in Figure 5b enables the signals to be
sorted and distributed between the interface area 40 at the input/output of

the interface modules 8 and the processing area 20, at the input/output of
the function modules 3.
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Figure 6 shows the diagram of a variant of avionics rack arranged
according to the invention. In addition to the elements already mentioned,
this variant has external optical connectors 73, and the internal optical
connectors 57 between the interface modules 8 and the motherboard 6 and
the internal optical connectors 56 between the function modules 3 and the
motherboard 6. This makes it possible to connect an optical fibre 11
originating from the aircraft containing the rack. In this case, optical bus link
cables, bidirectional or otherwise, are incorporated on the motherboard 6.

This optical link enables one or more interface modules 8 to be
interconnected with one or more function modules 3 with no limitation other
than the capacity of the optical connectors.

Furthermore, in such an electronic equipment rack having optical
connectors, interface modules 8 can include “optical stars”, preferably
passive, but possibly active, enabling optical signals to be redistributed in
the environment of the rack.

To sum up, certain advantages provided by the invention can be cited.
Firstly, because of its topology and the accessibility of the electronics
functions (function modules 3) and interface functions (interface modules
8), and the external connectors 71, 72 on the front panel F, an electronic
equipment rack according to the invention makes the following easy:

. the connection-disconnection of the “aircraft wiring” 10 on its
external connectors 71, 72, requiring no access at the rear of
the rack as a whole,

. the maintenance of the electronic equipment of the function
modules 3, directly accessible, without any intervention on
the “aircraft wiring” 10,

. the maintenance, significantly less frequently, of the interface
modules 8, relatively simple by accessibility after
disconnection of the “aircraft wiring” 10.

Generally, the vertical topology is also particularly well suited to the volume
available between the wall A and the cargo area C of an aircraft. In
practice, as Figures 1, 2, 3, 4, 5a and 6 show, this volume is generally
narrow, meaning there is a short distance between the front F and rear B
panels of the rack, and relatively high, notably allowing the vertical
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Configuration of the rack of the present patent application.

Also, the decoupling between the electronic functions handled by the
function modules 3 and the interface functions handled by the interface
modules 8 makes it possible to observe the segregation rules as far as the
electronics level and, where appropriate, as far as the signals on the optical
buses. This decoupling also makes it possible to maximize the use of
COTS-type electronic modules, or at least of “standardized” electronic
modules, to construct the function modules 3. Furthermore, the function 3
and interface 8 modules can, because they are decoupled, have different
pitches, which makes it possible to optimize the adaptability of an

electronic equipment rack to any type of equipment or aircraft for which it is
intended.

Moreover, the mechanical structure 1, 2 of an electronic equipment rack
according to the invention is totally passive: it supports only the connectors
and any cooling devices. Consequently, this mechanical structure 1, 2 can
become totally standard and be useable on different types of aeroplane, for
example. This passivity of the mechanical structure 1, 2 renders the
maintenance operations on it almost pointless. Only mechanical breaks
require intervention. Another consequence is that it becomes possible to
ensure the mechanical strength of the structure 1,2 of the rack in a rigid
way, on the wall of an aircraft for example: in practice, it will potentially
never be necessary to dismantle said rack. Thanks to that, any cooling
devices inserted into the mechanical structure 1, 2 can have their reliability
increased, in the absence of frequent dismantling/reassembly of the rack.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. Electronic equipment rack, designed to be on board a craft, the electronic
equipment rack comprising:
a mechanical structure;

a motherboard having first internal connectors and second internal

connectors;

at least one function module handling a set of functions via electronic
equipment and having internal connectors enabling interconnection with the first
internal connectors of the motherboard;

at least one interface module designed to provide an interfacing function
between said at least one function module and the electronic equipment rack
environment, the at least one interface module being linked to external
connectors and having internal interface connectors enabling interconnection
" with the second internal connectors of the motherboard;

a front panel corresponding to a side of the electronic equipment rack
through which the electronic equipment of the at least one function module can
be accessed, the front panel being opposite a rear panel,

wherein the mechanical structure of the electronic equipment rack

comprises a first and a second cabinet, the first cabinet containing the electronic
equipment that constitutes the at least one function module, and the second

cabinet containing the at least one interface module,
wherein the at least one function module and the at least one interface

module are juxtaposed in a direction orthogonal to the normal to the front panel,

and
wherein the at least one interface module can also be accessed through

the front panel of the rack.

2. Electronic equipment rack according to claim 1, wherein the at least one

function module and the at least one interface module are stacked.
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3. Electronic equipment rack according to claim 2, wherein the first cabinet

comprises integrated cooling means, notably for cooling the electronic

equipment.

4 Electronic equipment rack according to claim 2 or 3, wherein the second
cabinet is shorter than the first cabinet in a direction orthogonal to the front panel

of the rack.

d. Electronic equipment rack according to claim 4, wherein the at least one
interface module is sufficiently shorter than the at least one function module for a
free space contiguous to the at least one interface module to be available

between the front panel of the rack and said at least one interface module.

6. Electronic equipment rack according to any one of claims 1 to 5, wherein
the motherboard is located on a side of the rear panel of said rack, wherein the

at least one function module and the at least one interface module are connected
to the motherboard, and wherein the external connectors linked to the at least

one interface module are located on a side of the front panel of the electronic

equipment rack.

/. Electronic equipment rack according to any one of claims 1 to 6 further
comprising:

a processing area where the internal connectors of the at least one
function module and the first internal connectors of the motherboard are

interconnected; and
an interface area where the internal interface connectors of the at least

one interface module and the second internal connectors of the motherboard are

interconnected,
wherein the internal interface connectors occupy only a fraction of a

surface area of the at least one interface module facing the motherboard

providing for a wide free area between said processing and interface areas.
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8. Electronic equipment rack according to any one of claims 1 to 7, wherein

the at least one function module comprises “off-the-shelf” electronic equipment.

9. Electronic equipment rack according to any one of claims 1 to 8, wherein
the at least one function module and the at least one interface module have

different pitches.

10.  Electronic equipment rack according to any one of claims 1 to 9, wherein
at least one of the external connectors linked to the at least one interface module
meets a specification which is: ARINC 600, ARINC 404 A, MIL 83 527, EN4640,

or EN4165.

11.  Electronic equipment rack according to any one of claims 1 to 10, wherein

at least one of the external connectors linked to the at least one interface module

are fibre optic connectors.

12.  Electronic equipment rack according to any one of claims 1 to 11, wherein

said at least one interface module is linked to said at least one function module.

13.  Electronic equipment rack according to any one of claims 1 to 12, wherein

the at least one interface module comprises an optical star-type element

enabling distribution of optical signals, notably in the environment of the

electronic equipment rack.

14.  Electronic equipment rack according to claim 13, wherein said optical star-

type element is passive.

15.  Avionics rack on board an aircraft, wherein the avionics rack comprises at

least one electronic equipment rack as defined in any one of claims 1 to 14.

16.  Avionics rack according to claim 15, wherein the at least one interface

module comprises a filter-type protection function, suited to said aircraft.
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17.  Avionics rack according to claim 15 or 16, wherein the at least one

iInterface module comprises a lightning-protection function, suited to said aircraft.

18.  Avionics rack according to any one of claims 15 to 17, wherein the at least
one interface module comprises protection and insulation functions between

aircraft wiring and the at least one function module.

19.  Avionics rack according to claim 18, wherein the at least one interface
module comprises transformer or fuse-type elements handling said protection

and insulation functions between the “aircraft wiring” and the at least one function

module.
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