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1

STEPPING MOTOR OF THE FLUID PRESSURE
TYPE :

This invention relates to a stepping motor which op-
erates by fluid pressure.

The stepping motors which are in widest use are
often subdivided into three main groups, namely elec-
tric motors, hydraulic motors and pneumatic motors.

The motors of the first group have a very fast action
and produce low values of torque. The motors of the
second type are usually associated with electric motors
and perform the function of amplifiers with respect to
these latter since they are not capable of operating in
an independent manner. So far as the pneumatic mo-
tors are concerned, they comprise in most cases a pis-
ton and ratchetwheel mechanism which is unreliable
and makes it possible to obtain only a low torque.

Moreover, these different types of motors do not pro-
vide any information relating to the ends of stepping
intervals; in consequence, any errors in step displace-
ments which may arise, especially steps which have not
been performed, cannot be located.

The aim of the invention is to overcome the different
disadvantages mentioned in the foregoing and to pro-
vide a stepping motor which has an extremely high de-
gree of reliability.

In accordance with the invention, the steppmg motor
which operates by fluid pressure and comprises two
- members capable of moving with respect to each other
is characterized in that one of the members is fitted
with a plurality of rows of rolling elements adapted to
cooperate with depressions formed in the other mem-
ber, and means for actuating each row of elements, the
elements of successive rows being displaced with re-
spect to the bottom of the depressions at an angular dis-
tance which varies by a value corresponding to one
step.

The sequentlal dctuation of the rows of rollmg ele-
ments makes it possible to impart to the moving mem-
ber displacements which are equal in value to one step.
The cooperation of rolling elements with complemen-
tary depressions ensures reliable operation with the
maximum degree of accuracy.,

The depressions preferably consist of identical suc-
cessive grooves arranged in parallel relation. The actu-
ating means are pistons controlled by the fluid pres-
sure. In the case of a rotating motor, the two members
being movable in relative rotation, the grooves and the
rows of rolling elements are oriented parallel to the axis
of rotation, the step being equal to the ratio of the angle
made between two consecutive grooves to the number
of rows.

The actuation of a single row of rolling elements or
of two opposite rows serves to initiate a displacement
of the rotary member by one step.

In the case of a linear motor, the two members being
movable in relative translational motion, the rows of
rolling elements are oriented in the direction of transla-
tional motion and the grooves are oriented at right an-
gles to this direction, the step being equal to the ratio
of the distance between two consecutive grooves to the
number of rows. Preferably, ithe tows of rolling ele-
ments are arranged.in two symmetrically disposed se-
ries in which the rolling elements are inclined at a pre-
determined angle with respect to the grooves and trans-
versely to the direction of translational motion.
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In order that the sequential control should be per-
formed without any omission or error in step, the actu-
ating means are combined with means for generating
end-of-travel signals which are connected to a control
logic circuit.

In an advantageous embodiment of the invention,
provision is made for means whereby the two members
are brought both accurately and automatically into a
predetermined relative position by means of data which
are coded in accordance with a predetermined law.

To this end, the motor comprises a system for detect-
ing the instantaneous relative position of two moving
members adapted to deliver position signals which are
coded in accordance with a decimal law, a positioning-
order generator adapted to deliver primary reference
signals which are coded in accordance with a predeter-
mined law and represent the desired relative position of
the two moving members, a transcoding system
adapted to produce from said primary reference signals
secondary reference signals which are coded.in accor-
dance with a decimal law, and a comparison system
adapted to receive on the one hand the position signals
and on the other hand the secondary reference signals
and to deliver actuating signals as a function of the rela-
tive value of the two series of signals aforesaid to the
logic circuit which controls the motor.

Further particular features of the invention will be-
come apparent from the description which is given
hereinafter:

‘In the accompanying drawings, which are given by
way of example and not in any sense by way of limita-
tion:

FIG. 1 is a transverse sectional view taken along line
I-1 of FIG. 2 and showing a stepping motor of the rotary
type;

FIG. 2 is a sectional view of said motor, taken along
line II—II of FIG. 1;

FIG. 3 is a detail view to.a larger scale and illustrating
the relative angular displacement of the rows of balls
with respect to the grooves of the rotary member;

FIG. 4 is-a diagram representing the motor together
with its control logic circuit;

FIG. 5 is a partial longitudinal sectional view taken
along line V—V of FIG. 6 and showing a stepping
motor of the linear type;

FIG. 6 is a partial sectional view with portions broken
away and taken along line VI—VI of FIG. §;

FIG. 7 is a sectional view taken along line VII—VII
of FIG. 6,

FIG. 8 is a view to a larger scale showing a detail of
FIG. 5, ~

FIG. 9 is a sectional view which is similar to FIG. 7
and shows a stepping motor of the linear type having
two stages;

FIG.10isa dlagrammatlc view showing the arrange-
ment of the position detectors;

FIG. 11 is a diagram of the transcoding and compari-
son system.

FIGS. 1 and 2 illustrate a stepping motor of the rotary
type comprising a stationary member 1 which is rigidly -
fixed to a frame 2 and a moving member 3 which is ro-
tatably mounted in said frame inside the stationary
member.

The stationary member 1 comprises a substantiafly
cylindrical body 4, the axis of which coincides with the
axis of rotation X—X of the moving member 3 and in
which are formed longitudinal chambers § having a T-
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shaped cross-section and each containing a piston 6
provided with an actuating rod 7. Said chambers 5 and
pistons 6, which are eight in number in the example
under consideration, are disposed radially with respect
to the axis X—X and in uniformly spaced relation. The
piston rods are in contact with rows R, to Ry of balls 8
which are housed respectively in siots 9 formed in a
sleeve 10 which is secured to the body 4.

The rotary member 3 is made up of two rotating end-
bosses 11 which are mounted in the frame 2 and of a
sleeve 12 of hard metal which is fixed on said end-
bosses. Identical V-section grooves 13 which are
formed over the entire periphery of the sleeve 12 and
oriented parallel to the axis of rotation X—X permit
the engagement of the rows of balis R, to R, to a vari-
able depth, as will be explained hereinafter.

Each piston 6 is rigidly fixed to a diaphragm 14 which
is mounted in the corresponding chamber 5§ and
clamped between the body 4 and a cover 15 in which
is formed a passageway 16 having its opening in the vol-
ume defined by the diaphragm and the cover. The pis-
ton 6 is capable of displacement within the chamber 5
over a short distance determined by the depth of pene-
tration of the rolling element within the groove 13, thus
defining the maximum travel. The covers 15 are held
in position by means of intermediate longitudinal com-
ponents 17 which are attached to the body 4.

The arrangement is such that the axes of the balls of
the successive rows are displaced with respect to the
bottom of the respective grooves 13 at an angular dis-
tance which varies from one row to another by a value
corresponding to the single-step forward displacement
of the motor. This single-step displacement is equal to
the ratio of the angle 6 between the roots of two con-
secutive grooves (angular pitch of the grooves) to the
number N of rows of balls (as shown in FIG. 3).

In the example considered, one of the rows of balls,
namely the row R, taken as a reference, is in the posi-
tion of maximum engagement within the corresponding
groove whilst the row R; which. is located directly op-
posite is displaced by 6/2 inasmuch as N = 8. The balls
of the last-mentioned row are therefore in a position of
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withdrawal on a summit or tooth between two grooves -

13. In order to initiate a one-step rotary displacement
of the moving member 3, compressed air is delivered
through the passageways 16 into the chambers 5 of the

pistons 6 corresponding to the rows of balls R, and R,

for example. The balls of the rows are angularly dis-
placed through an angle 6/8 so that the second row of
balls R, should then take up the position of maximum
engagement which was previously occupied by the row
having the reference R,. ‘

FIG. 4 illustrates the sequential control of the actuat-
ing pistons 6 by means of a storage-type logic circuit.

The chambers of the pistons are connected in oppo-
site pairs to two-state storage devices 21-24 of conven-
tional type having two inputs, namely a control and
storage input and a cancelling or erasing input, and one
output. The pneumatic control signals are delivered
from one of two lines 304, 30, depending on the direc-
tion of rotation which is selected for the moving mem-
ber 3. These lines are combined in pairs with four lines
31-34 of end-of-travel signals corresponding respec-
tively to the pairs of pistons and therefore to the rows
R; - R;, Ry — Ry, and so forth. Each pair formed by the
line 30a or 306 and a line 31, 32, 33 or 34 is thus con-

50

55

60

4

nected to an AND-gate 41a—44a, 41b—44b. The out-
put of each AND-gate is connected on the one hand to
an OR-gate 51-54 corresponding to the pair of pistons
to be actuated and, on the other hand, to an OR-gate
61-64 corresponding to the preceding pair of pistons
(depending on the direction of rotation) which. has
been actuated; the association of the AND-gates and
OR-gates 51-54 is effected in the following order:
AND-gate 44a and 42b - OR-gate 51, AND-gate 41a,
43b = OR-gate 52, and so forth.

A signal derived from one of the pairs of lines 30¢-34
and 305-32, 30a-31 and 30533 and so forth is accord-
ingly applied to the OR-gates 51-54 respectively whilst
a signal dervied from a pair of lines 30a-31 or 305-31,
30a-32 or 30b-32 and so forth is applied to the OR-
gates 61-64 respectively.

Each OR-gate 51 to 54 (for example, the gate 51)
corresponding to one pair of rows (R, and Rj, for ex-
ample) is connected to the control and storage input of
the storage device 21-24 (device 21, for example). The
OR-gate 61 to 64 (namely the gate 64 or 62, for exam-
ple) corresponding to the preceding pair of rows (R
and R, or R; and R, for example) is connected to the
erasing input of the storage device 21-24 (either 24 or
22, for example).

The end-of-travel signals in the lines 31-34 are deliv-
ered under the action of the pistons 6 by means of con-
ventional means for generating end-of-travel signals
(which are described hereinafter) with which the pis-
tons are combined.

When an end-of-travel signal and a rotational direc-
tion signal appear at an AND-gate, this gate delivers a
signal to the OR-gate 51-54 and to the corresponding
OR-gate 61-64. The signal is transmitted from the OR-
gate 51-54 to the respective storage device 2124, then
to the chambers of the pistons corresponding to the
pairs of rows R; ~ R;, R, — Ry, and so forth. The signal
derived from the OR-gate 61-64 has the effect of eras-
ing the information contained in the storage device cor-
responding to the pair of rows which has previously
been actuated.

The control of the motor is ensured without any risk
of error and with a remarkable degree of regularity
since each end of travel constitutes an item of informa-
tion which is necessary in order to permit of sequential
actuation. , ’

FIGS. 5 to 8 illustrate a stepping motor of the linear
type comprising a stationary member 71 constituted by
a plate and a member 72 which is capable of transla-
tional motion and essentially composed of a table 73
such as a machine-tool table, for example, which is fit-
ted with two lateral components 74 guided by means of
slideways 75 formed by the plate 71. ‘

The plate 71 is provided on its top face with a series
of identical grooves 76 having a V-shaped cross-section
and oriented at right angles to the direction of transla-
tional motion. ,

There is mounted between the plate 71 and the table
73 a support-block 77 which is rigidly fixed to the table
73 and to the lateral components 74, there being
formed in said block individual cyclindrical chambers
78 for the pistons 79 which are disposed at right angles
to the plate 71. Each piston 79 is in contact with a ball
80 which is housed in a bore formed in a thin plate 81
which is rigidly fixed to the support-block 77 and lo-
cated above the grooved plate 71. The balls 80 can thus
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engage to a greater or lesser depth within the grooves
- The table 73 is provided in its central portion with a
recess 82 in which is mounted an added component 83,
and with a transverse rib 84 which divides the table into
two halves. The chambers 78, the pistons 79 and the
corresponding balls 80 are disposed symmetrically in
columns on each side of said rib in such manner as to
be inclined in the transverse direction at a predeter-
mined angle with respect to the grooves 76. In this ex-
ample, there are thus formed two series of seven rows
of pistons and of balls as designated by the references
L; to Ly and L'; to' L’;. The pistons 79 are secured to
a diaphragm 85 which is clamped between the table 73
and the supportblock 77 and each row L, - L; or L',
- L'; is supplied by a passageway 86 or 86’ which is
formed in the table 73 and interrupted by the trans-
verse rib 84. Passageways 87 are formed in the added
component 83 so as to establish a communication be-
tween the passageway 86 of the row L, and the passage-
way 86’ of the row L', between the passageway 86 of
the row L, and the passageway 86’ of the row L'¢ and
50 on up to the passageways 86 and 86’ of the rows L,
and L',.

The arrangement is such that, in each series, the balls
80 of the successive rows L, - L; or L', - L'; are dis-
placed with respect to the bottom of the respective
grooves 76 at a distance which varies by a value corre-
sponding to one step. This value is equal to the ratio of
the distance e between two consecutive grooves 76 to
the number of rows (seven in the case under consider-
ation); this determines the angle of inclination of the
columns of balls 80 with respect to the grooves 76 in
the transverse direction.

Each passageway-86 which supplies the rows of balls
L; to L; has an exténsion in the form of a stepped bore
88 constituting a passage which serves to supply fluid
under pressure to the passageway 86 aforesaid as well
as to the corresponding passageway 86, and conse-
quently to actuate the two corresponding rows of balls.

There are also formed in the support-block 77 ducts
91 which are equal in number to the rows and open into
respective bores 92 which are oriented at right-angles
to the grooved plate 71, and said bores being normally
closed-off by a valve 93 mounted on a blade-spring 94
which is secured to the support—block 77.

The free end of the blade-spring is in contact with the
underface of the first piston 79 of the row, in such man-
ner that the displacement of said piston under the ac-
tion of the fluid pressure causes the valve 93 to open
and connects the bore 92 and the duct 91 to the ex-
haust. The ducts 88 and 91 are connected to a fluid-

control logic circuit (not shown in the drawings) which

produces action in response to the absence of pressure

- within a duct 91 as a result of connection of this latter
to the exhaust, in order to deliver an end-of-travel sig-
nal which permits the actuation of a subsequent pair of
rows. The control can be of the same type as that
shown in FIG. 4.

:The pneumdtrc control signals are transmitted to the
pairs of rows in the sequence L; - L'7, L, - L, ... L,
-L', .. L; - L', followed by a return to the row L, -
L'-, and this latter accordingly takes up a position which
is displaced by the distance e with respect to the previ-
ous position.
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FIG. 9 illustrates a linear stepping motor having two
stages, in which the grooved plate 101 of the top assem-
bly performs. the function of table for the bottom as-
sembly. The structure of both assemblies is in any case

identical. ,

The bottom stage is intended to carry out a one-step
displacement over a relatively long distance such as 1
mm, for example, whereas the top stage must permit a
one-step displacement over a very short distance such
as 0.05 mm, for example.

The relative spacing of the grooves of the plate 101
is equal to the distance between two columns of balls
in the bottom stage. In the example considered, it is
therefore possible to initiate a displacement of the table
73 over a predetermined number of millimeters by vir-
tue of the top stage, and over multiple of 0.05 mm by
virtue of the top stage.

The two stages are supplied separately with ﬂurd

.under pressure by means of a control logic circuit. If

necessary, the two stages can operate srmultaneously,
especrally in a numerical positioning.

It is apparent that the number of stages can increase
according to the degree of precision which is required
in the displacement of the moving member, this being
essentially dependent on the type of industrial applica-
tion which is contemplated.

Itis also apparent that the structure and operatron of
the linear motor embodiments of the present invention
are substantially the same as those of the rotary motor
embodiments, except that the linear motor is in effect
a flat form of the rotary motor. In other words, the lin-
ear motor is in effect one section of a rotary motor of
infinite radius. Accordingly, it is not necessary to re-
peat, in connection with the linear embodiments, what
has already been said in connection with the rotary em-
bodiments.

The use of the stepping motor of the rotary type is
particularly advantageous for the control of valves and
other devices which can entail the need for limited an-
gular displacements of rotating components.

By way of alternative, the depressions can consist of
conical recesses instead of grooves.

There will now be described with reference to FIGS.
10 and 11 a system which permits accurate positioning

- of the two members of the motor with respct to each
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other by means of data which are coded in accordance
with a predetermined law.

In this system, the selected number N of pistons and
rows of balls is equal to ten. Under these conditions,
the single-step forward displacement is equal to one-
tenth of the angular or linear distance (depending on
whether a rotary or linear motor is employed) between
two consecutive grooves 13, said distance being such as
to correspond to the pitch of the depressions
* There is shown dragrammatlcally in FIG. 10 a device
for detecting the instantaneous position of the moving
member 11, The grooves 13 are shown in the devel-
oped position with the first piston P, and the last piston
Py and the corresponding rows of balls 8a and 85.

In order to define the position of the moving mem-
ber, there has been chosen a reference position of the
grooves which, in this particular case, is the axis 140 of
the piston P, and of the row of balls 8a. In addition, a
particular groove 13, is chosen as origin. Under these
conditions, the position of the moving member is de-
fined by the distance, expressed in step displacements,



7

between the axis of the origin groove 13, and the refer-
ence position 140-of the grooves.

In the position shown in FIG. 10, the axis 140 of the
row of balls 8a is displaced by one step, that is to say
by d/10 wherein d designates the grooves pitch, with re-
spect to the axis of the corresponding groove 13a whilst
the axis of the row of balls 8b corresponding to the pis-
ton Py coincides with the axis of the groove 13b. As-
suming by way of example that the groove 134 is the
eighth as counted in the direction of the arrow f from
the origin groove 13,, it is apparent that the position
shown is defined by 79 forward-displacement steps.

The system of detection comprises a first series of ten
fluid-pressure detectors A,, A,, ... A, which are actu-
ated by the pistons P when they are located in a refer-
ence position. This reference position preferably coin-
cides with the end-of-travel position of the piston.

Thus, in the example illustrated in FIG. 10, it is the
detector Ay which is actuated and emits a position sig-

-nal. For the sake of convenience of terminology, these
first detectors will be designated hereinafter as “‘unit
detectors” and the signals delivered by these latter will
be referred-to as “unit” position signals. The intervals
between these unit signals correspond to one single-
step displacement of the motor.

The position-detection system further comprises a
second series of ten detectors By, B; ... By which will be
designated hereinafter as *‘tens” detectors. The detec-

~ tors just mentioned are actuated either by the teeth
themselves which are formed between the grooves 13
or by a cam.or any equivalent member so as to emit a
signal referred-to as a ““tens” position signal when the
groove 13 which corresponds thereto is in the selected
reference position. It is clearly an advantage to choose
as reference position for the grooves a position corre-
sponding to the axis 140 of a piston P,. The detector B,
corresponds to the groove 13, which is chosen as ori-
gin. The intervals between the “tens” signals corre-
spond to 10 single-step displacements of the ‘motor,
that is to say to one pitch of the grooves 13.

If the number of depressions or grooves 13 is greater
than ten; the system of detection comprises a third se-
ries of ten detectors Cy, C, ... Cy or so-called “hun-
dreds” detectors. Each detector C is actuated by a cam
or like component having a boss, the position of which
corresponds to that of a set of 10 consecutive grooves
13. The detectors Csemit a signal when the set of 10
grooves corresponding thereto reaches the reference
position-of the grooves. In consequence, the interval
between said *‘hundreds” signals corresponds to one
hundred single-step displacements of the motor or to
10 depression-pitch intervals.

The detection system can also comprise decimal se-
ries of detectors having a higher order if the number of
grooves 13 so requires, the interval between the signals
of one series being such as to correspond to a forward
displacement ten times greater in value than that which
corresponds to the interval between the signals of the
series immediately below. = - o

The outputs of the unit detectors A are connected to
lines Uy to Uy which terminate in a first comparator 111
(FIG. 1T1) of a type which is known per se.

Similarly, the outputs of the “tens” detectors B are
connected to lines Dy, to Dy which terminate in a sec-
ond comparator 112 which is similar to the first com-
parator.

3,844,178
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For convenience of terminology, the comparators -
111 and 112 will be designated respectively in the fol-
lowing discussion as ‘“‘unit” comparator and “tens”
comparator.

Although the number of comparators is limited to
two for the sake of clarity of the drawings and of the de-
scription, it is wholly apparent that these comparators
are equal in number to the decimal series of position
detectors.

An order generator which is not -illustrated and
known per se is designed to emit primary reference sig-
nals representing the desired position for the moving
member expressed in forward-displacement steps as
stated earlier.

This number of forward-displacement steps which
defines the desired position is represented in accor-
dance with a predetermined code by the primary refer-
ence signals which appear on lintes such as 113 to 120,
the number of which depends on the code adopted.
Said lines terminate in a transcoder of a type which is
known per se and which, for the sake of enhanced clar-
ity of the drawings, is illustrated in FIG. 11 in two sepa-
rate sections 121 and 122. In a manner which is already
known, the transcoder decodes the information repre-
sented by the primary reference signals and recodes
said information in accordance with a decimal law so
as to emit secondary reference signals. These secon-
dary signals comprise a unit signal which appears on
one of the lines E, to E; which are connected to the
“unit” comparator 111 and a “tens” signal which ap-
pears on one of the lines F, to F, which are connected
to the “tens” comparator 112."

It is readily apparent that, as a general rule, the trans-
coder comprises a number of sections corresponding to
the number of comparators.

Each comparator 111 and 112 has two outputs and
is arranged in a manner known per se so as to produce
an actuating signal which appears either on a line 123
or 124 respectively if the position signal which appears
on one of the lines D or U is of lower strength than the
reference signal delivered by one of the lines E or F, or
on a line 125 or 126 in the contrary case. If the position
signal is equal to the reference signal, the comparators
do not emit any actuating signal.

The lines 123 and 124 are each connected to one
input of an OR-gate 127 whi|st the lines 125 and 126
are connected to the inputs of a second OR-gate 128.
The outputs of these OR-gates are connected to the
lines 30a and 30b of the motor-control logic circuit
which was described in detail earlier.

This logic circuit is illustrated in FIG. 4 for a number
of pistons 6 equal to eight. Within the framework of the
present embodiment, it is wholly evident that, if the
number of pistons is equal to ten, the circuit must ac-
cordingly be extended in a manner which is well known
to any one versed in the art in order to adapt that cir-
cuit to this.number of pistons.

It will be noted in addition_that the unit detectors A
are connected not only to the lines U of the “units”
comparator 111 but also to the lines 31 to 34 of FIG.
4 in order to deliver to the motor-control logic circuit.
the end-of-travel signals which were mentioned in the
foregoing. ‘

The “tens” comparator 112 of FIG. 11 is supplied di-
rectly from two lines 129 and 130. The supply of the
“units” comparator 111 is controlled by the actuating
signals emitted by the “tens” comparator 112 through
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an inhibition circuit. This circuit comprises an OR-gate
131 and an inverter or NOT-gate 132 which constitutes
in combination a NOR-gate. The OR-gate 131 having
two inputs connected respectively to the output lines
123 and 125 of the “‘tens” comparator and the output
of the NOT-gate 132 is connected to the inputs for the
supply of the “units” comparator 111. It is understood
that, under these conditions, the “units” comparator
can emit a signal only if no signal is present either on
the line 123 or on.the line 125.

It is readily apparent that, as a general rule, each
comparator is controlled by the comparator having the
order immediately above through an inhibition circuit
which is similar to that described in the foregoing.

The device which has just been described operates as
follows:

In order to simplify the explanation, it will be as-
sumed hereinafter that the position-detecting system
comprises only unit detectors. A and “tens” detectors
B whilst the comparison system similarly comprises
only one “units” comparator 111 and one “tens” com-
parator 112, as shown in FIG. 11. The extension to the
general case is evident to any one versed in the art.

If it is assumed that the desired position of the mov-
ing member of the motor corresponds to a distance of
twenty-eight single-step displacements between the
groove 13, which is chosen as origin and the axis 140
which is chosen. as reference position of the grooves,
the order generator (not shown) emits on the lines 113
to 120 a reference signal which represents this number
in a selected code. After decoding and recoding of said
signal by the transcoder 121, 122, there appears on the
line Eg a signal which represents the number eight and
on the line F, a singal corresponding to the second mul-
tiple of ten, that is to say to the number twenty. These
two signals are indicated schematically by points on the
corresponding lines.

When the motor is in the position shown in FIG. 10,
the “tens” detector B; corresponding to the groove
preceding the groove 13a is actuated and delivers a sig-
nal on the line D;. In addition, the unit detector Ag
emits a signal on the line Ug since it is the piston Py
which is located at the end of travel. These two signals
represent the number 79 which defines in forward-
displacement steps the actual instantaneous position of
the moving member as has been stated earlier. These
signals are presented by the letters X on the corre-
sponding lines. ‘

The “tens”’ comparator 112 records the fact that the
position signal which it receives on its line D7 is of
higher strength than the reference signal which appears
on the line F,. In consequence, the comparator pro-
duces an actuating signal on its output line 125. This
signal is transmitted to the OR-gate. 128 and thence to
the line 30 of the control logic circuit which causes
the motor to advance in the appropriate direction.

At the same time, said actuating signal is brought to
the inhibition circuit 131, 132 which cuts-off the supply
of the “units” comparator 111 and this latter can there-
fore not deliver any signal.

As the motor advances, so-its position is detected by
“tens™ signals which appear successively on the lines
Dq, Ds ... and so forth. When the “‘tens’’ signal appears
on the line Dy, the *“‘tens’ comparator 112 no longer
emits an actuating signal. The position of the motor is
defined at this moment by the number 29.
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Since the inhibition circuit no longer receives any
singal, it permits the supply of the “units” comparator
111. This comparator records the fact that the position
signal which it receives on the line Uy is of higher
strength than the reference signal which is displayed on
the line Eg. In consequence, said comparator produces
an actuating signal on its output line 126 which,
through the OR-gate 128, causes the motor to advance
in the same direction as before up to the desired posi-
tion which is defined by the number 28. When this de-
sired position is reached, the “units” comparator 111
no longer emits its actuating signal and the motor stops.

It is understood that the device which has just been
described permits accurate control of the motor by
very simple means. In particular, the choice of the
number of pistons and the distribution of the position
detectors make it possible to obtain instantaneous-
position signals which are coded directly in accordance
with a decimal base and avoid the need to make use of
a special transcoder.

What we claim is:

1. A stepping motor comprising two members capa-
ble of moving with respect with each other, one of said
members having cage means retaining a plurality of
successive rows of rolling elements that engage in suc-
cessive depressions in the other member, and fluid
pressure actuating means for each said row to selec-
tively press only one row of said successive rolling ele-
ments to the bottom of one of said depressions at one
time, one row (R1) being at the bottom of one said de-
pression (13) at one time, and each of the other succes-
sive rows (R2-R8) of rolling elements (8) being offset
with respect to each of the corresponding successive
depressions (13) by a distance which is equal to the
pitch of the depressions (13) divided by the total num-
ber of said rows (R1-R8) of rolling elements (8),
whereby only one said actuating means moves said
members relative to each other through a said distance
at one time.

2. A motor according to claim 1 wherein, the two
members being movable- in relative translational mo-
tion, the rows of rolling elements are oriented in the di-
rection of translational motion and the depressions are
oriented at right angles to this direction, the step being
equal to the ratio of the distance between two consecu-
tive depressions to the number of rows.

3. A motor according to claim 2, wherein the rolling
elements form columns disposed transversely to the di-
rection of translational motion. A :
- 4. A motor according to claim 2, wherein the rows of
rolling elements are distributed in two symmetrically
arranged series in which the rolling elements consid-
ered transversely to the direction of translational mo-
tion are inclined at a predetermined angle with respect

" to the depressions.
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5. A motor according to claim 4, wherein the rows of
the two series are supplied with fluid under pressure
through passageways which are put symmetrically into
communication with each other in pairs.

6. A motor according to claim 2, wherein said motor
comprises at least one second member fitted with roll-
ing elements in cooperating relation with depressions
formed in the first member so as to constitute a motor

having at least two stages.
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