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(57) Abrege/Abstract:
This Invention relates to a system for controlling several actuators (All, ..., Anr), comprising at least two computers (L1, L2, ..., Lk)

and at least two means (C1, C2, ..., Cn) of controlling at least one actuator, each control module being capable of controlling at
least one actuator through at least one first connection (16) and being capable of recelving information about this at least one
actuator through at least one second connection (15), In which each control module Is connected to at least two computers
through at least two first communication buses (11, 12, 13).
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ABSTRACT OF THE DISCLOSURE

CONTROL SYSTEM AND PROCESS FOR SEVERAL ACTUATORS

PR A ——

iy -

This invention relates to a system for controlling

several actuators (All, .., Anr), comprising at least two
computers (L1, LZ2, .., Lk) and at least two means (Cl, C2,

., Cn) of controlling at 1least one actuator, each

control module being capable of controlling at least one

actuator through at least one first connection (16) and
being capable of receiving 1information about this at
least one actuator through at least one second connection

(15), 1n which each control module 1s connected to at

least two computers through at least two  first

communication buses (11, 12, 13).
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CONTROL SYSTEM AND PROCESS FOR SEVERAL ACTUATORS

DESCRIPTION

Technical field

This invention relates to a system and process for
the control of several actuators, particularly 1in the
case in which at least one parameter related to at least
one first actuator must be taken into account before
controlling the state change of at least one second
actuator.

The system and process according to the invention

are useable particularly in aeronautics.

State of prior art

In aeronautics, particularly in the case of an
electrical aircraft generation device, there are several
known solutions for controlling contactors ; one solution
consists of using a relay logic. An improved variant of
this sgolution consiste of wusing a programmable logic
circuit including all necessary logic functions,
particularly making it possible to take account of
constraints related to the state of some contactors.

But there are several disadvantages with this
solution:

- when thig solution uses an actuator control logic,

redundant controls of these actuators are

necessary to improve functional dependability, but
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it is complicated in practice and is therefore
difficult to envisage; '

this type of sclution cannot be upgraded; when a
new actuator is to be provided, if a relay logic
is used, relays have to be added and modifications
to the wiring have to be made accordingly, or 1f a
programmable logic circuit 1s wused the control

device needs to be replaced by another control

device comprising inputs and outputs necessary for

contrclling this new actuator;

in some cases, for example for maintenance, this
solution makes it impossible to make measurements
and transmit information related to the operation
of the actuators considered, for example
information about voltages, currents,
temperatures, etc. Therefore, this information 1is
necessary elsewhere. Sensors appropriat'e for the
magnitudes to be measured and a communication bus
can be used to measure and transmit this type of
information. But the use of this type of
additional means may be completely incompatible
when dimensional and weight c¢riteria have to be
respected, for example 1n aeronautics. Furthermore
in this field, frequently used buses such as the
ARINC 428 bus may necessitate a large number of
physical connections, particularly when the said
information has to be transmitted to several

computers 1in the case of a redundant system.
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The purpose of this invention is to overcome these
disadvantages by proposing a system and a process for
controlling these actuators, this'system being structured
redundantly to have a good functional dependability

controlled by several computers.

Presentation of the invention

S e L 0, N B 0 ey A e i A i R

This invention relates to a system for controlling
several actuators, comprising at least two computers and
at least two means of controlling at least one actuator,
each control module being capable of controlling at least
one actuator through at leaét one first connection and
being capable of receiving information about this at
least one actuator through at least one second
connection, characterized in that each control module is
connected to at least two computers through at least two
first communication buses.

Advantageously, the computers are connected to each
other through at least one second communication bus.

This invéntion also relates to a process for
controlling several actuators, in a system comprising at
least two computers and at least two modules for the
control of at least one actuator, each control module
being capable of controlling at least one actuator
through at least one first connection and being capable

of receiving information related to this at least one

actuator through at least one second connection,
characterized in that at least two control modules are

used that make decisions related to control of the
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actuators that they control as a function of information
received from several computers, and in that each
computer can use information output from the control
modules connected to 1it, calculates set values as a
function of this information, and sends these set iralues
to the said control modules.

Advantageously, the computers work independently and
asynchronously. '

In a first advantageous embodiment, the system
according to the invention is wused to control the
electrical generation system of an aircraft.

In a second advantageous embodiment, the system
according to the invention is used to control the flaps
of an airxcraft.

The system according to the invention can solve many
existing problems in systems according to known art, and
has the following advantages:

- It has a high degree of functional dependability
and robustness due to the redundancy of the
computers and the connections between these
computers and the actuator control modules, and
due to the fact that, in the preferred embodiment
of the invention, each computer provides its
information for use by other computers.

- It provides a means of contrelling actuators and
retrieving information related to them (State,
measurements, etc.) at the same = time.

Advantageously, this information may alsc be used

for maintenance.

SP 20721.69 DB
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- It is very flexible for upgrading ; when a new
actuator hags to Dbe controlled, all that is.
necessary is to add a control module for this
actuator, connect this control module to
appropriate computers using communication buses,
and modify the programming of the said computers
so that they control this actuator.

The system according to the invention can also be
used whenever several actuators have to be controlled by
an intelligent system and when it 1s necessary to have
high operating dependability and availability, for

example for automobiles, machine tools, etc.

Brief description of the drawings

Figure 1 illustrates an embodiment of the control
system according to the invention.
Figures 2 and 3 illustrate an embodiment of the

system according to the invention.

Detailed presentation of particular embodiments

As illustrated in figure 1, the gystem according to

the invention comprises at least two control modules CC1,

cz2, ..., Cn, at least one actuator All, ..., Alp ; A21,
.., A2g, ..., Anl, ..., Anr and at least two computers
L1 , ..., Lk. Each computer is connected to at least one

of the control modules through a first communication bus
11, 12 or 13. These computers L1, L2, ..., Lk may

advantageously be connected to each other through at

leagt one second communication bus 10.

SP 20791.69 DB
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Bach communication module Ci (1L € 1 £ n) controls at

least one actuatdr by controlling the state of the said
actuator using at least one first connection 15. The said
control module may receive information from the said
actuator, or at least from a sensor associated with it,
using at least one second connection 16. For example,
this may be information related to the gstate of the
contactor (dry contact), the measurement of the voltage
at the terminals of the said contactor, the measurement
of the current passing through it, the temperatufe, etc.

Bach control module Ci comprises at least one
information processing unit, for example a computer or a
microcontroller, capable of controlling the actuator(s)
corresponding to the means of the first connection(s) 15
as a function of set wvalues received from at least one
computer L1, ..., Lk, and secondly providing information
about this or these corresponding actuators received from
the second connection(s) 16, to at least one computer
through a communication bus 11, 12 or 13.

The processing unit 1in each control module decides
upon control actions for the corresponding actuator(s),
particularly as a function of information received from
the computers taking account of whether or not 'this
information is consistent, whether or not there 18 any

dialogue, and if there are any communication errors

between one or more computers.

The control modules Ci are not necessarily connected
to all computers. Thus, the control wmodule €2 in the

figure is not connected to computer L2. The number of
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computers L1, L2, ..., Lk to which a control module is
connected 1s usually chosen as a function of the reguired
functional dependability £for this control module ; the
functional dependability 1s higher when this number is
higher. Thus, 1t 1s possible to connect one or several
control modules controlling actuators for which the state
is not critical for the entire system, to a single
computer.

The fact that each control module is connected to
several computers through communication buses 11, 12 and
13 can give good functional depéndability of the system
accofding to the invention due to redundancy of the
computers to which the control module is connected, and
also the connections made through these buses 11, 12 and
13.

Advantageously, computers L1, Lz, ..oy Lk' operate
independently and asynchronously. Each _‘computer can use

information from the control modules to which it 1is

connected through buses 11, 12 or 13. It useg information

available to it and calculates set wvalues that it sends
to these different control modules.

Unlike some known systems, the system according to
the ‘invention does not have a computer monitoring entity

that it can use to decide whether or not to validate one

or several computers at a giliven moment.
Unlike systems according to known art, decisions
related to the control of actuators will be taken by the

processing unit for each control module as a function of

information receilved from 1t from the different

SP 20791.69 DB
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computers. For example, the said decisions may be decided

upon by a voting system integrated into the said

processing units. Such a characteristic is wvery useful

since, by thus transferring the decision to the end of

4

the information processing sequence, the system becomes

highly modular and the functional dependability can be
improved with regard to a computer failure or to the
failure of one or several connections between computers
and control modules.

| In the preferred embodiment of the invention as
illustrated in the figure, each computer L1, L2, ..., Lk

1s connected to the communication bus 10 through a

connection 18. Each computer uses this bus to enable
other computers to access information that it collected
from control modules to which it is connected through one
of the buses 11, 12 or 13.

This operating embodiment has many advantages, and

- particularly:

- a computer can access 1nformation originating from
all actuators, even 1f connections between this
computer and the actuator control modules are
interrupted. This computer can thus continue to
calculate set values corresponding to the
different actuators and can send set values

related to actuators controlled by control modules

for which the connection with the said computer is
not 1interrupted, on its communication bus 11, 12

or 13:;

SP 20791.69 DB



10

15

20

25

CA 02424853 2003-04-08

- independence of the different computers L1, L2,
., Lk eliminates the risk of failure due to a
synchronization fault between the sailid computers.
In one advantageous embodiment, the buses 11, 12 and
13 may for example be CAN (Control Area Network)
communication busesg, or a similar type. |
Figures 2 and 3 illustrate an embbdiment of the
system according to the invention. Figure 2 represents
the distribution of electrical power using c¢ircuits of
two contactors, and figure 3 shows the connection of the
sald circults to control computers using communication '
networks (for example uéing CAN buses).
More precisely, figure 2 illustrates the primary AC
communication of a demonstrator made in an "electrical
core" 20 with electrical sources / generators S1 to 8n,

primary AC c¢ircuits 21 of two contactors (K1, K'l) to

(Kn, K'n) comprising controls for these contactors
referenced Cl, ..., Cn, and electrical distribution lines
LEl to Lem, for example where m = 4, the current lines

being referenced 22.

Figure 3 illustrates the control / communication for
the primary AC distribution with control modules C1,
Cn illustrated in figures 1 and 2, each connected to
communication networks 11, 12, 13 as shown in figure 1,
to which the computers L1, L2, ..., Lk are connected, the
computers belng connected to each other through an inter-

computer network 10.

We will now consider two advantageous embodiments

related to aeronautics.

SP 20791.69 DB
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In a first embodiment, the system according to the

invention 1s used to control an electrical generation

system for an aircraft. In this case, the actuators may

be electrical contactors. Information acquired by the

5 control modules then corresponds to the state of the said

contactors, to voltage, current measurements, etc. The

system according to the invention 1s particularly

suitable for this type of application since some

contactors must be controlled taking account of the state

10 of other contactors, whlle respecting the sequential
chaining of different states of the said contactors.

In a second embodiment, the system ‘according to the

invention 1is used to control the flaps of an aircraft,

which are usually actuated by a set of jacks. The various

15 jacks actuating a single flap must be controlled such

~that they are consistent with each other. Furthermore,
the corresponding positions of the different flaps must
be controlled 1in a synchronized manner in order to
respect conditions - related to the aerodynamics of the
20 said. alrcraft. Therefore in this example, in particular,
the actuators are the said jacks, some of the information
measurements then correspond to the position of the gaid
Jacks. The system according to the invention is

particularly suitable for controlling flaps of this type.

SP 20791.69 DB



CA 02424853 2012-08-16
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CLAIMS
1. System for controlling the electrical

generation system of an aircraft, comprilsing several

actuators, at least two computers and at least two modules

p_—

for controlling at least one actuator, each control module

being capable of controlling at least one actuator through

-

at least one first connection and being capable of receiving

information about this at least one actuator through at
least one second connection, wherein each control module 1s
connected to at least two computers through at least two

first communication buses.

2 System according to claim 1, in which the
computers are connected to each other through at least one

second communication bus.

3. System according to claim 2, wherein each
computer is connected to a communication bus through a

connection.

4, System according to claim 1, wherein buses

are CAN buses.

5. System according to claim 1, comprising

electrical sources/generators, primary AC circuits of two
contactors, controls for these contactors, and electrical

distribution lines.

6. System according to claim 1, wherein control
modules are connected to communication networks, to which
the computers are connected, the computers belng connected

to each other through an inter-computer network.

7. System according to claim 1, wherein

actuators are electrical actuators.
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3 . Process for controlling the electrical
generation system of an aircraft 1in a system comprising

several actuators, at least two computers and at least two

modules for the control of at least one actuator, each
control module being capable of controlling at least one

actuator through at least one first connection and being

capable of receiving information related to this at least
one actuators through at least one second connection,
wherein at least two control modules are used that make

decisions related to control of the actuators that they

control as a function of information received from several
computers, and 1in that each computer can use 1nformation
output from the control modules connected to 1it, calculates
set values as a function of this information, and sends

these set values to the said control modules,

9. Process according to claim 8, 1n which the

computers work 1ndependently and asynchronously.

10. Process according to claim 8, 1n which each
computer can access 1nformation originating from all
actuators, even 1f connections between this computer and the

actuator control modules are interrupted, and in which said

computer can continue to calculate set values corresponding

to the different actuators and can send set values related
to actuators controlled by control modules for which the
connection with the said computer 1s not interrupted, on 1ts

communication bus.
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