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(57) ABSTRACT 

An electric actuator including at least a first P-phase auto 
matically-Switched brushleSS Synchronous motor, Pbeing an 
integer ranging between 1 and 6, and N pairs of poles at the 
rotor, N being an integer not leSS than 1. The actuator also 
includes a position Sensor outputting Signal to control an 
electronic circuit controlling the motor. The rotor of the 
motor drives a gear ratio reducing mechanism. The position 
Sensor is coupled to the reduction unit output shaft to 
measure the absolute angular position of the reduction unit 
output shaft. The electronic circuit includes a circuit Sequen 
tially controlling the current of each of the phaseS producing 
automatic Switching of powering Sequences of the phases on 
the basis of the absolute position of the reduction unit output 
shaft. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig.11 
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Fig. 12 

i. 
  



US 2004/0085041 A1 

MOTOR-REDUCTION UNIT SWITCHED ON AN 
ABSOLUTE POSITION SIGNAL 

0001. The present invention relates to the art of actuators 
of the motorized reducing-gear type, comprising an electric 
motor coupled to a Speed-reduction mechanism. 
0002. By actuator there is understood a means for causing 
rotary movement of an operating element through a travel of 
less than 360. The function of an actuator is to ensure 
precise and repeatable angular positioning under the control 
of an operating circuit. It differs from a motor, the function 
of which is to cause an operating element to turn at a given 
rate of rotation, in the form of n revolutions per minute, 
without angular limit. 
0003. In the prior art there are known numerous motor 
ized reducing gears used in the automobile Sector of Valves 
for control of air flow, gas recirculation or air-conditioning. 
These valves are usually composed of a d.c. motor with 
brushes, one or two mechanical reduction Stages and a 
potentiometer for indicating the position of the output Shaft. 
Descriptions of Such motorized assemblies can be found in 
US Patent 5672818 or in European Patent 1009089. 
0004. The disadvantage of these devices is that they use 
a commutator motor, the useful life of which is limited in 
applications exposed to demanding temperature and vibra 
tion conditions. Similarly, the potentiometers used hereto 
fore have a limited useful life because of the presence of 
brushes. 

0005 From the prior art there is also known Japanese 
Patent 09322584, which describes a motor and not an 
actuator. This motor is provided with a speed-reducing gear 
that drives a relative and not absolute position transducer. 
0006 The transducer described in that prior art document 
delivers two Sinusoidal Signals having a phase difference of 
90. These are relative and not absolute position signals. 
0007. There is also known European Patent 0856939, 
which describes not a means for operating the motor from a 
Signal delivered by an absolute position transducer, but an 
end-of-travel detector. It is provided with a motor-control 
circuit activated by a Switching circuit, which in turn is 
operated by the position transducer, which delivers end-of 
travel information. 

0008 Thus the manufacturers of this type of valve are all 
working toward the introduction of “brushless' motors, or in 
other words Synchronous motors that are Self-commutated 
by Signals from encoders integrated in the motor, and toward 
the integration of contactless position transducers (of mag 
netic, inductive or capacitive type) to replace the brush-type 
devices. 

0009 Brushless d.c. motors of diverse polyphase types 
have been known in the prior art for many years, and a view 
of such a three-phase motor (100), described in US Patent 
5880551 of the Applicant, can be seen in FIG. 1. This FIG. 
1 shows the positions of three Hall-effect sensors ((1), (2), 
(3)), placed inside the toothing (18) for the purpose of 
delivering, as indicated in FIG. 2, three electrical signals 
((4), (5), (6)) with a phase difference of 120 electrical 
degrees as well as the phase difference of these Sensor 
signals relative to the coupling constants (7), (8), (9)) of the 
three phases (19), (20), (21)) of FIG. 1. The presence of 
these Sensors in the Stator part of the motor permits an 
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appreciable space Savings, wherein an ideal 120° phase is 
assured by the positioning between 2 teeth of 2 neighboring 
phases. The goal of the presence of these 3 Sensors is to 
deliver to an operating electronic unit, referred to as “Switch 
ing logic' in the text of this patent, information indicating 
the position of rotor (22) with 5 pairs of poles, shown in 
FIG.1. As a function of such rotor-position information, the 
Switching logic will Send the necessary instructions to an 
electronic unit known as the “control logic' which, in the 
case of a three-phase motor, for example, operates the 6 
transistors used (4 transistors for a two-phase motor) This 
operational mode, known as “Self-commutation', makes it 
possible to achieve optimal adjustment of the current phase 
difference relative to the coupling constants of each phase 
(since it takes place automatically relative to the rotor 
position) and to minimize the torque fluctuation that would 
be Subsequently detrimental to positioning Servo control. 
0010. Such assemblies require an electronic control cir 
cuit that receives on the one hand an input Signal originating 
from the transducer for indicating the angular position of the 
output shaft and on the other hand the input Signals origi 
nating from each of the Hall Sensors. 
0011 FIG. 3 shows a general diagram of the control 
electronics of a brushleSS motorized reducing gear integrated 
in a valve-control application known from the prior art: by 
means of a PWM (pulse width modulated) signal (15) and an 
operating-direction signal (16), the control logic (13) will 
therefore have to process the information originating from 
the microcontroller (10), responsible for managing position 
ing servo control by virtue of an analog-to-digital converter 
(11) that acquires the signal of the output potentiometer (12), 
and the information originating from the Switching logic 
(14), which delivers information relating to the position of 
the rotor (22). The control logic (13) will operate the power 
Stage (33) responsible for imposing the current in each phase 
((19), (20), (21)) and for driving the rotor (22), engaged with 
the input pinion of the Speed-reducing gear (23), which 
drives the output shaft, on which there is mounted the 
absolute position transducer (24). What must therefore be 
imagined are two interconnected Servo control loops: 

0012) a) a positioning servo control loop in which 
the microcontroller will on the one hand modulate, 
by means of the PWM signal acting on the control 
logic and therefore on the transistors (33), the level 
of the current passing through the motor phases, and 
will on the other hand define, by means of the 
direction signal acting on the Switching logic (14), 
the direction of rotation of the motor. This position 
ing Servo control loop is of a type identical to that of 
a Servo control loop for d.c. motors. 

0013 b) A self-commutation loop, which will act on 
the control logic (13) by means of the Switching 
logic (14), and will permit Supply to the phases in a 
Sequence that is a function of the State of the Signals 
of sensors SA, SB, SC (4), (5), (6)). 

0014. The detail of how these two loops are intercon 
nected is shown in FIG. 4, where the control logic is 
represented by ET logic gates operating the 6 transistors. 
0015 The disadvantage of these prior art devices, self 
commutated by 3 Sensors, is the large number of conductors 
necessary. Each of these Sensors has 3 connecting conduc 
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tors (+5 V, ground and Signal), the three-phase motor has at 
least 3 connecting conductors, and the redundant potenti 
ometer may have 4 conductors (+5 V, ground and 2 outputs). 
Applications with the three-phase brushleSS d.c. motor of 
FIG. 1 may therefore be connected by 10 conductors (+5 V, 
ground, 3 Sensor Signals, 3 motor connection conductors, 2 
redundant potentiometer signals), whereas the same appli 
cation with brush-type d.c. motor as described in US Patent 
5672818 of Bosch will have only 6 conductors. 
0016. The goal of the present invention is to avoid the 
disadvantages both of actuators with brush-type motors and 
of actuators with brushleSS motors, by proposing an actuator 
provided with a brushleSS motor that requires only a reduced 
number of wiring conductors. 
0.017. The present invention relates to electric actuators 
composed of at least: 

0018 a polyphase brushless synchronous motor 
(100) having P phases and N pairs of poles on the 
rotor (22) 

0019 a mechanical speed-reducing gear (23) with 
1/R gear ratio and angular play 

0020 a restoring spring (34) for return to a reference 
position designated 0 on the output shaft (28) 

0021 an absolute position transducer (24) that 
delivers position information expressed in mV/, or 
in the case of PWM outputs that can be treated in 
mV/, of resolution r expressed in degrees. 

0022 and it is particularly suitable for control of 
limited-travel valves in the automobile sector. 
FIG. 5 shows a descriptive diagram of the typical 
application for an air-admission throttle Valve 
(27). 

0023 Such an actuator according to the invention 
exploits the presence of the potentiometric or contactleSS 
transducer for indicating the position of the output Shaft, in 
order to deduce the position of the rotor of the brushless 
Synchronous motor, and thus makes it possible to reduce the 
number of Sensors and therefore connections needed. Self 
commutation of the brushleSS motor takes place no longer in 
response to information derived directly from the rotor of 
the motor but in response to indirect position information at 
the output of the application. 
0024. In its most general form, the invention relates to an 
electric actuator composed of at least one Self-commutated 
brushless synchronous motor with P phases, where P is an 
integral number between 1 and 6, and N pairs of poles on the 
rotor, where N is an integral number greater than or equal to 
1, the actuator containing a position transducer whose output 
Signal controls an electronic circuit for operating the motor, 
the rotor of the Said motor driving a Speed-reducing mecha 
nism of ratio R, characterized in that the Said absolute 
position transducer is coupled not to the rotor but to the 
output shaft of the reducing gear in order to measure the 
absolute angular position of the output shaft of the reducing 
gear, the electronic circuit being provided with a circuit for 
Sequential operation of the current of each of the phases, 
thus achieving automatic Switching of the Sequences of 
Supply of the phases as a function of the absolute position of 
the output shaft of the reducing gear. 
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0025 By absolute position transducer there is understood 
a position transducer provided with reference means to 
ensure an invariable reference position and the delivery of 
information that never takes the same value twice over the 
travel, in contrast to an incremental transducer. The trans 
ducer used by the invention is a transducer that delivers a 
Signal corresponding to an injective function of the angular 
position; in other words, every value of the output signal of 
the transducer is the image of at most one value of angular 
position over the travel of the output shaft of the reducing 
gear. 

0026. This reference means may be composed of a means 
for restoring the output shaft in order to ensure compensa 
tion for the play. 
0027. It may also be composed of a reducing mechanism 
having play Smaller than the resolution r and of a transducer 
having a resolution rs180/(N.P.R), where: 

0028 N denotes the number of pairs of poles on the 
rotor 

0029 P denotes the number of phases of the rotor 

0030) R denotes the reduction ratio 
0031. The transducer driven by the output shaft of the 
reducing gear delivers a Signal corresponding to an injective 
function of the angular position of the Said output Shaft. 
0032. According to another version, the reference means 
is composed of an additional position transducer driven 
directly by the rotor of the motor. This additional position 
transducer delivers a Signal for Synchronization of the motor 
control circuit. 

0033 Advantageously, the said mechanical speed-reduc 
ing gear has a reduction ratio R greater than 2. 
0034. According to a particular version, the restoring 
means of the shaft is composed of a helical Spring, one end 
of which is integral with the output shaft and the other end 
of which is integral with a fixed point. 
0035. According to another embodiment in which the use 
of a Spring or a restoring means is obviated, the mechanical 
speed-reducing gear has a play of less than 180/(N.P.R). 
0036 Preferably the position transducer has a resolution 
r of less than 180/(N.P.R) degrees. 
0037 According to a particular version, the electronic 
circuit has one input for receiving the Signal delivered by the 
absolute position transducer of the output shaft of the 
reducing gear, and P outputs that each deliver an operating 
Signal from one of the P phases of the motor, with a phase 
difference of 360/P between two consecutive phases, N 
denoting the number of pairs of poles of the motor. 
0038 According to a particular mode of operation, the 
electronic circuit additionally has a recalibration input that 
receives a signal delivered by an additional position trans 
ducer driven directly by the rotor. 
0039 Advantageously the electronic circuit additionally 
has an input for receiving a reference Signal corresponding 
to the desired angular position, the electronic circuit com 
pleting a first Servo control loop acting on the intensity of the 
motor torque and a Second Self-commutation loop control 
ling the current States in the phases of the motor. 
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0040 According to another version, the electronic unit 
for operating the phases is composed of a transistorized 
power Stage operated by a logical control Stage that imposes 
the Supply Sequence and the amplitude of the current of the 
P phases. 
0041) Preferably the logical control stage is composed of 
a microcontroller provided with at least P outputs of PWM 
type, thus permitting independent adjustment of the current 
of each of the P phases. 
0042. According to one practical mode of operation, 
when Voltage is applied to the electronic unit for operating 
the phases, this unit undergoes a Sequence of initialization 
relative to a reference position defined by the restoring 
Spring. 

0043. The present invention will be better understood by 
reading the description of a non-limitative practical 
example, provided hereinafter with reference to the attached 
drawings, wherein: 

0044) 
actuatOr, 

FIG. 1 illustrates a schematic view of a prior art 

004.5 FIG. 2 illustrates the electrical signals correspond 
ing to a prior art actuator, 

0046 FIGS. 3 and 4 illustrate a view of the control 
circuit of a prior art actuator, 

0047 FIG. 5 illustrates a schematic view of an actuator 
according to the invention, 

0048 FIG. 6 illustrates a detailed view of the position 
transducer driven by the output shaft, 

0049 FIGS. 7 to 9 illustrate a view of the control circuit 
of an actuator according to the invention, 

0050 FIG. 10 illustrates the output signals of the posi 
tion transducer, 

0051 FIG. 11 illustrates a diagram of the electric vectors 
of an actuator according to the invention, for a Specified 
position (in this case 150 according to the figure), 

0.052 FIG. 12 illustrates a view of an alternative version 
of the control circuit, provided with an additional detection 
element (51) placed in the motor and delivering a digital 
Synchronization Signal that is a function of the direct posi 
tion of the rotor. 

0053. The invention described by way of example here 
inafter is provided with a three-phase motor (100) with 5 
pairs of poles, such as that illustrated in FIG. 1. In known 
manner it comprises a Stator (25) having three Stator open 
ings excited by electric coils (19). 
0054 Rotor (22) has 5 pairs of poles and is provided with 
a set of thin magnets, which are alternately radially magne 
tized in opposite directions. It drives a toothed wheel (50), 
driving speed-reducing gear (200), which is composed of a 
gear train. 

0055) In the described example, output shaft (28) of the 
motorized reducing gear Supports a throttle valve (27). A 
restoring Spring (34) composed of a helical Spring acts on 
output shaft (28). The travel of output shaft (28) is less than 
360°. 
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0056. The output shaft directly drives a position trans 
ducer (24), illustrated in detail in FIG. 6. This position 
transducer is composed of a stator (60) and a rotor (61) 
containing two thin magnets (62, 63) of Semi-tubular shape, 
magnetized radially in opposite directions. In the described 
example, stator (60) has two air gaps (64,65), in which there 
are seated two Hall sensors (66, 67). 
0057 This transducer (24) delivers signals representative 
of the real angular position of output shaft (28) of the 
motorized reducing gear. 
0058. The signal delivered by such an absolute position 
transducer is equivalent to that of a potentiometric trans 
ducer, and it is an analog signal composed of a Voltage 
Substantially proportional to the angular position, with a 
resolution of better than 0.1. In the case of control of the 
air-admission Valve for an injection engine, the absolute 
position transducer delivers 2 redundant signals (25, 26) 
(FIG. 10). 
0059 Control of motor (100) necessitates a change of 
state every 12 for a three-phase motor with 5 pairs of poles. 
This corresponds to a condition of change of State every 
180/(N.P) degrees for self-commutation of a motor with P 
phases and N pairs of poles on the rotor. 
0060. In the actuator described in FIG. 5, transducer 24 
delivers a signal that is an injective function of the angular 
position of motor (100). Disregarding the play j of the 
reducing gear, an increment (0-0) of the position of the 
output shaft corresponds to an increment R. (0-0) of the 
position of the rotor of the motor. To be able to ensure 
Self-commutation with an actuator in conformity with the 
described example, it is necessary that a change of State take 
place for each 12 increment of the position of the rotor. 
0061 The resolution r necessary for the output potenti 
ometer is therefore 0-0=12/R=r. 
0062. In the context of application for an air-admission 
throttle valve, the reduction ratio R is substantially equal to 
20. The resolution r required of the transducer will therefore 
be 0.6. It is worth knowing that the usual resolutions of 
such transducers are on the order of 0.15. 

0063. In general, for a motor with P phases and N pairs 
of poles on the rotor, the minimum resolution required of the 
transducer is rs180/(N.P.R), where: 

0064 N denotes the number of pairs of poles on the 
rotor 

0065 P denotes the number of phases of the rotor 

0066 R denotes the reduction ratio 
0067. If the output shaft does not work against a restoring 
Spring (34) Such as described hereinabove, it is imperative 
that the play j of the reducing gear be Smaller than 180/ 
(N.P.R), to ensure that a rotor movement corresponding to 
the necessary minimum resolution condition results in a 
movement of the output shaft. Nevertheless, in most appli 
cations considered, we shall consider that the play of the 
reducing gear is always corrected for by Spring (34). 
0068 FIG. 7 shows a first version of the invention, where 
the output signal of transducer (24) is converted by means of 
analog-to-digital converter (29) into a digital signal. This 
digital Signal is then processed by a decoder, the purpose of 
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which is to deliver, via 3 channels SA, SB, SC (30), (31), 
(32), signals (4), (5), (6) equivalent to those of Sensors (1), 
(2), (3) of FIGS. 1 and 2. The Switching electronics delivers 
the rotor-position information to the control logic for Self 
commutation. This embodiment is obviously advantageous 
in that the three conductors for the Sensors are no longer 
necessary and there is no need to output, toward the Switch 
ing logic electronics, which is often not in close proximity, 
3 Sensor Signals that are Sensitive to electromagnetic per 
turbations. 

0069 FIG. 8 shows a second and more powerful version 
of the invention, whose purpose is again to obviate the 3 
Hall-effect sensors (1), (2), (3)), but without having to 
recreate information identical to these 3 Sensor Signals. 
0070 The analog signal of absolute transducer (24) is 
converted to digital information by the main analog-to 
digital converter (11) of microcontroller (10), in the same 
way as in the usual servo control loop of FIGS. 5 and 7. 
This digital signal, however, will be used for the 2 servo 
control loops described hereinabove: 

0071 the traditional positioning servo control loop, 
which is identical to that of a d.c. motor, and the 
purpose of which is to create an effect on the 
intensity of the available motor torque and on its sign 

0072 the self-commutation loop permitting the 
changeover from one current State in the P phases of 
the motor to the following State, with an adjustable 
phase lead as explained hereinafter with reference to 
FIG 11. 

0073. In contrast to the electronics described in FIGS. 7 
and 8, the two loops are no longer physically Separated but 
are processed by Software by the microprocessor, as indi 
cated in FIG. 9. 

0.074 The result of these calculations of the 2 servo 
control loops leads to 2 adjustments: 

0075 the direction of rotation of the rotor is defined 
by the Sequence of Supply of the phases, and the 
current intensity in each of the phases is adjusted 
(positioning Servo control mode). 

0076. The next current state in the phases is deter 
mined as a function of the rotor position, the phase 
difference between actual position and Specified 
position being adjustable as a function of the Speed 
of rotation of the rotor (self-commutation mode). 

0077. These 2 adjustments are achieved by using 3 PWM 
outputs of the microcontroller (PWMa (34), PWMb (35), 
PWMc (36)), which will modulate the operating factor of the 
power transistors (33). The layout of FIG. 9 describes a 
Star-connected power Supply with center tap for the three 
phase motor. Each of the phases (19), (20), (21) is operated 
by a transistor half-bridge (33), which should make it 
possible to apply Voltages of the following types at points 
(37), (38) and (39): 

0078 Ua=U cos N.R.0(t) for phase A 
0079 Ub=U cos (N.R.0(t)+120°) for phase B 
0080 Uc=U cos (N.R.0(t)+240) for phase C 

0081. The angle 0(t) is the position sought for output 
shaft (28) of the application described in FIG. 5, composed 
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of a threephase motor with N pairs of poles, of a reducing 
gear of ratio R and of a potentiometer, when the 3 phases are 
Supplied with Voltages Ua, Ub, Uc. On the trigonometric 
circle of FIG. 11, there can be plotted the specified position 
N.R.00t) within an electrical period of 360° as a function of 
the currents Ia, Ib and Ic passing through each of the phases 
(19), (20), (21), the coupling constants of each phase being 
Spaced apart by 120 electrical degrees. 
0082 It is seen on this trigonometric circle that, regard 
less of what position may be specified on this circle, the 
condition Ia+Ib+Ic relating to addition of currents in the case 
of a connection with center tap is nevertheless Satisfied. The 
example of FIG. 11 for a three-phase motor describes a 
position of 150 electrical degrees relative to the origin of 0; 
that is, a position of 1.5 on the output shaft relative to the 
reference position 0 is obtained with Ic=0 and Ia=-Ib=U/2R, 
where U is the Supply Voltage of the application and R is the 
resistance of each winding. 
0083. It will therefore be possible to control the position 
0(t) of the output shaft by the 3 signals PWMa, PWMb, 
PWMc by means of a double loop for self-commutation and 
positioning Servo control. 
0084. In the foregoing we have seen the required condi 
tions for the resolution r of the absolute transducer, and it is 
now necessary to determine the mode of initialization of the 
application described in FIG. 5. It is in fact very important 
that we be able, on the basis of this initialization Sequence, 
to correlate the absolute position of the output axis given by 
the transducer signal with the absolute position of the rotor. 
0085. When voltage is applied to the application, the 
output shaft will be in reference position 0, to which it is 
returned by the restoring Spring, but we do not know the 
absolute position of the rotor. The initialization method then 
comprises establishing arbitrarily a Sequence of Supply of 
the phases Such that: 

0.086 Ua=U cos C.(t) for phase A 
0.087 Ub=U cos C.(t) +120° for phase B 
0088 Uc=U cos C.(t) +240° for phase C, 
0089 with C=0 at t=0, in such a way as to cause the 
Valve to open, and for a Sequence having a value 
equal to C(t)=k.360°. At the end of this sequence, the 
position intended for the rotor is therefore the posi 
tion 0 indicated in FIG. 11. It is sufficient to record 
the position 0 indicated by the absolute transducer 
and to take this value 0 as the initial value for the 
new Sequence. 

0090 The method of self-commutation of phases and 
positioning Servo control explained here is valid for any type 
of polyphase Synchronous motor having N pairs of poles on 
the rotor and P phases, associated with a reducing gear, a 
restoring Spring and an absolute position transducer, or in 
other words for: 

0091 permanent-magnet motors 
0092 hybrid motors 
0093 variable-reluctance motors 

0094 FIG. 12 illustrates a view of a version of the 
control circuit, provided with an additional detection ele 
ment (51) placed in the motor and delivering a digital 
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Synchronization Signal that is a function of the direct posi 
tion of the rotor. Motor (40) is provided with an additional 
transducer (51) driven directly by the rotor and delivering a 
reference Signal in addition to the position signal delivered 
by the absolute position transducer (50) driven by the output 
shaft (52). The output shaft is acted on by a restoring Spring 
(53), compensating for the play of the gear train. 
0.095 Additional transducer (51) is composed of a Hall 
Sensor that delivers a signal that is a function of the direct 
position of motor shaft (45). In the example of an actuator 
for a throttle valve, the motor shaft rotates through 5 
revolutions for each 90° rotation of the output shaft of the 
reducing gear. 

0096. The output signal of the additional transducer (51) 
delivers a Synchronization signal (56) to the microcontroller 
(54), permitting recalibration of the signal (55) delivered by 
the absolute position transducer (50). In the described 
example, Synchronization takes place 10 times per revolu 
tion. 

1. An electric actuator composed of at least one Self 
commutated brushleSS Synchronous motor with p phases, 
where p is an integral number between 1 and 6, and n pairs 
of poles on the rotor, where n is an integral number greater 
than or equal to 1, the acuator containing a position trans 
ducer the output signal of which controls an electronic 
circuit for operating the motor, the rotor of the Said motor 
driving a speed-reducing mechanism of ratio R, character 
ized in that the travel of the output shaft of the speed 
reducing gear is less than 360 and in that the said obsolute 
position transducer is coupled not to the rotor but to the 
output shaft of the reducing gear in order to measure the 
obsolute angular position of the output Shaft of the reducing 
gear. 

2. An electric actuator according to claim 1, characterized 
in that it is provided with an additional detention element 
(51), delivering a Synchronization signal that is a function of 
the direct position of the rotor. 

3. An electric actuator according to claim 1 or 2, charac 
terized in that the transducer driven by the output shaft of the 
reducing gear delivers a signal corresponding to an injective 
function of the angular position of the Said output Shaft. 

4. An electric actuator according to claim 1, 2 or 3, 
characterized in that the Said Speed-reducing gear is pro 
Vided with a means for restoring the output shaft to a 
reference angular position. 
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5. An electric actuator according to claim 4, characterized 
in that the restoring means of the shaft is compose of a 
helical Spring, one end of which is integral with the output 
shaft and the other end of which is integral with a fixed 
point. 

6. An electric actuator according to claim 1, 2 or 3, 
characterized in that the mechanical Speed-reducing gear has 
a play of less than 180/(N.P.R). 

7. An electric actuator according to any one of the 
preceding claims, characterized in that the position trans 
ducer has a resolution r of less than 180/(N.P.R) degrees. 

8. An electric actuator according to any one of the 
preceding claims, characterized in that the electronic circuit 
has one input for receiving the Signal delivered by the 
absolute position transducer of the output shaft of the 
reducing gear, and P outputs that each deliver an operating 
Signal from one of the P phases of the motor, with a phase 
difference of 360/P between two consecutive phases. 

9. An electric actuator according to claim 8, characterized 
in that the electronic circuit additionally has an input for 
receiving a reference Signal corresponding to the desired 
angular position, the electronic circuit completing a first 
Servo control loop acting on the intensity of the motor torque 
and a Second Self-commutation loop controlling the current 
States in the phases of the motor. 

10. An electric actuator according to any one of the 
proceding claims, characterized in that the electronic unit for 
operating the phases is composed of a transistorized power 
Stage operated by a logical control Stage that imposes the 
Supply Sequence and the amplitude of the current of the P 
phases. 

11. An electric actuator according to any one of the 
preceding claims, characterized in that the logical control 
Stage is composed of a microcontroller provided with at least 
Poutputs of PWM type, permitting independent adjustment 
of the current of each of the P phases. 

12. An electric actuator according to any one of the 
preceding claims, characterized in that, when Voltage is 
applied, the electronic unit for operating the phases under 
goes a Sequence of initialization relative to a reference 
position defined by the restoring Spring. 

13. An electric actuator according to any one of the 
preceding claims, characterized in that the Said mechanical 
Speed-reducing gear has a reduction ratio R of greater than 
2. 


