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A manipulating unit comprising a housing (5) in which there are a) position sensing means (7, 2a, 2b, 2c, 2d, 3a, 3b,
3¢, 3d) for sensing the position of a member in the housing, which member is coupled locally to gripping means, and b) ac-
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-A MANIPULATING UNIT

The present invention réiates to a manipulating
unit, for example for use in an industrial robot or
a co-ordinate table.

In' positioning systems comprising a robot arm
and a fobot gripper, there are known devices, called
Remote Complicance Centres, which are placed between
the rdbot arm and the robot gripper to provide the
robot gripper with the compliance necessary to
realise insertions of components in required locations.
However, these devices are passive, i.e. they are
provided with no sensing means to monitor the mis-
alignments, nor with motors or other forms of act-
vators to realise the necessary adjustments.

High positioning accuracy is required in
particular when robots are used for automat;c assembly.
Some work undertaken by research groups is‘attempting
to sense the misalignment of components and correct
it by adjusting the position of the robot arm.

Because robot arms are relatively heavy, it is
difficult to make minute adjustments ranging from
a few hundredths of millimetres up to a few millimetres.

According to the present invention, there is
provided a manipulating unit comprising a housing

in which there are a) position sensing means, for

- sensing the position of a member in the housing, which

member is coupled locally to gripping means, and
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b) actuating means coupled to the sensing means and
the member for producing movements of the member

within the housing. )
The activating and sensing means could be fluidic

or electrical actuating and sensing means.

For fluidic implementation, the position sensing
means may conveniently comprise a nozzle, which is
supplied with a gas through a first gas line via
constricting means, the nozzle being disposed opposite
the member whose position is to be sensed, and a
second gas line, connected to-the first gas line

between the nozzle and said constricting means, and

Vcoupléd to the actuating means, the arrangement

being such that, when the member moves towards or

away ffom the nozzle, the gas pressure at said
constricting means increases or decreases respectively,
causing gas to flow towards or away from the actuat-

ing means via the second gas line. 1In this case the

-actuating means may comprise bellows, or a pliable

capsule, connected to the second gas line to allow

the-passaqe of gas into and out of the bellows, and

which abuts the member to cause movement thereof.
For electrical implementation, the positioning

sensing means may comprise electrical sensors which

" are capable of sensing contact forces between abutting

members. Conveniently, the electrical sensors are
strain gauges. ' '
The examples of the present invention to be
described with reference to the accompanying drawings
each includes an édaptable unit which is capable
of both a sensing and an actuating function. The
unit is mounted at the end of the robot arm and
provides the base for the robot hand (gripper). The
unit, equipped with sensing means, itself realises
the corrective movements without resorting to using
the arm's actuators. The unit may comprise: an

inner member which acts as a base for the gripper;
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a sensor.member; and an outer member. Because much
smaller weights are manipulated than in the case of
adjusting the whole robot arm, it is ea51er to rea-
lise minute adjustments required for the alignment
of a component held by the robot hand.

In the units described below, misalignment of
components between the inner member and the sensor
member is sensed, whilst the correction action is generated
between outer sensors and the sensor member.

The sensor member therefore ects as a mediator between
the inner and outer members. --The units shown in
Figures 3a, 3b, 5 and 6 use air for both the sensing
and actuating means, but similar units could be
realised instead as shown in Fiqures 8a and 8b which
use seﬂsors (capacitive, inductive etc.) and
electricai actuation means utilising, for example,
solenoids electromagnets or stepper motors.

The present invention will now be described,
by way of example, with reference to the accompanying
drawings, in whlch:—

Figure 1 is a diagram for explaining the
principle of examples of the invention;

Figures 2 and 4 show different kinds of mis-
alignment which can be compensated for by different
examples of the invention; ‘

Figures 3a and 3b are respectively a partially
cut-away side view and a plan view of an example of
the invention for compensating for types of misalign-
ments according to Figure 2;

Figure 5 is a partially cut-away side view of
an example of the invention for compensating for
types of misalighments according to Figure 4;

Figure 6 is a side view of another example of
the invention for compensaﬁing for types of misalign-
ments according to Figure 4;

Figure 7 shows an alternative embodiment of

the actuating means; and
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Figures 8a and 8b show a plan view and cut-
away side view respectively of an electrical imple-
mentation of the invention.

The examples of the present invention shown in

Figures 3a, 3b, 5 and 6, use the principle of a

3

'‘back pressure sensor' in conjunction with a pneumatic ¥
actuator - see Figure 1. The position of a component
is monitored by a face 1. A nozzle 2 is supplied
with air from a constant supply at pressure Ps via
an orifice 3. When the face 1 moves closer to the
nozzle 2, thé pressure in the conduit downstream of
the orifice 3 is increased and consequently causes
expansion of a bellows 4 providing- an acutator.

Several sensor-actuator units based on the above
princiéle can be combined together to cater for both
linear and angular adjustments in more than one
direction. 7

In the case of the insertion of a pin into a
hole, a possible misalignment whiéh may occur 1is
shown in Figure 2. The misalignment where the pin
makes a contact with the chamfer of the hole may be
cured by the type of unit shown in Figures 3a and
3b. In the unit of Figures 3a and 3b, an outer member
5 is mounted on the robot arm whilst a most inner
member 6 provides a base for the robot hand (gripper).
The member 6 can slide freely in a horizontal plane

inside a sensor member 7 which in turn may be moved

in any horizonﬁal direction by two pairs of bellows

4a, 4b and 4c, 4d mounted inside the outer member

5. If, for example, the pin, when being pushed by
the gripper into the hole, makes a first contact
with the right-hand side of the chamfer, the member
6 would tend to slide to the left and close a nozzle
2a which in turn would cause an increase of pressure
in the right-hand bellows 4a. At the same time, the
inner member 6 would open a nozzle 2b connected to

the left-hand bellows 4b thus reducing its pressure.
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As a result of this, the sensor member 7 would be
moved by the pair of bellows 4a, 4b to the left,
carrying the inner member 6 and thus correcting
the misalignment of the pin.. The movement of the
member 6 inside the sensor member 7 is only a few
tenths of a millimetre, whilst the movement of the
sensor member 7 inside the outer member 5 is much
larger, of the order of a few millimetres. Similarly,
another pair of sensing nozzles 2g¢, 2d and the pair
of bellows 4c, 4d can realise adjustment in the
perpendicular direction. Thus, misalignments in any
direction in the plane of the unit can be catered
for. 7
Angular misalignment (Figure 4) may be corrected
by a unit shown in Figure 5. The inner member 6 is
in this case a part which is in the form of a part-
spherical joint which can rotate, within a limited
angle, in the sensor member 7. The sensing'nozzles
2a, 2b monitor any deviation from a vertical position.
For example, if the inclination of the pin is in the
clockwise direction from vertical, the nozzle 2a
at the left would close, thus increasing the pressure
in the conduit which is connected to the bellows 4a
on the right; simultaneously, the nozzle 2b would
open, thus reducing the pressure in thezbellbws 4b
on the left. Consequently, the bellows 4a would
expand, pushing the member 6 to the left thus reducing
and eventually eliminating the inclination. Again,
another pair of sensing nozzles and another pair of
bellows realise . adjustments relative to a perpend-
icular axis. |

A correction ofangular misalignments cén also
be made by the unit shown in Figure 6 where, instead
of making adjustments (by the bellows) in a horizontal
plane as previously, they would be realised by rot-
ating the member 6 inside the outer member 5. In this

case, all the relative movements between the members
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would be rotational instead of, as previously, some
or all or them being linear. Again, another pair
of sensing nozzles and another pair of bellows
realise adjustments about a perpendicuiar axis.
5 It should be understood that in each of the

above-described examples, the unit has two degrees .

ey

of freedom, containing two pairs of sensing nozzles
and two pairs of actuator-bellows, the pairs being
arranged to form a cross to cater for alignments

10 in two perpendicular directibns or around two per-
pendicular axes. ‘

It is possible to use three sensing nozzles and
three bellows only, in each case offset by 120°
relativg to each other, to realise either planar

15 or angﬁlar alignment.

It may be necessary in some cases to use up to
four degrees of freedom to provide total freedom for
adiustments. 1In such a case, a unit according to
Figures 3a and 3b and a it acderding to lFi'gure 6 could be

. 20  mounted on each other, the inner member of one unit
being fixed to the outer member of the other unit,
thus providing two linear and two rotational adjust-
ments. ’

As it is ad&antageous that the above manipulat-

25 ing units are as compact and as small as possible,
the bellows, which may take up a relatively large
space can be replaced by capsules moulded from a
pliable material such as, for example, synthetic
rubber. 1In all other respects, the configuration

30 of the unit will remain the same. Figure 7 shows
such a capsule 10 moulded inside the outer member
5 in order to actuate the sensor member 7. The N
expanding side of the capsule can move the base of
the robot hand in order to make the necessary ¢

35 adjustments.

Figures 8a and 8b show an example of a 2 degree

of freedom electrical sensing unit. 1In this case,

BUREA[
OMPI




WO 83/03217 PCT/GB83/00075

-7-
instead of using minute displacements to sense the
misalignment of components, the unit is equipped
with strain-gauge elements 8 which sense directly
the contact forces between the mated members. Any

5 misalignments encountered are demonstrated by an
imbalance of the monitored contact forces.

In this example, the sensor member 7 and the
inner member 6 are connected by a cross-bridge 9
thus forming one module.

10 In the case of using electrical sensing and
actuating means, the signals from the electrical
sensor(s) are easily processed in a computer which
instructs the actuators to maké the necessarj
corrections and optimises the action of the electrical

15 actuatér(s). The same may be achieved with a
pneumatic unit provided that the pneumatic signals
are converted to electrical and/or vice versa.
Combined electrical sensing and pneumatic actuation
or pneumatic sensing and electriéal actuation may

20 also be used in a unit according to the invention.
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CLAIMS
1. A manipulating unit comprising a housing
in whichrthere are a) position sensing means, for
sensing the position of a member in the housing, which
member is coupled locally to gripping means, and

b) actuating means coupled to the sensing means and

g

the member for producing movements of. the member

e

within the housing.

2. A manipulating unit as claimed in claim 1,
wherein the position sensing means comprises a nozzle,
a first gas line with constricting means for supply-
ing gas to the nozzle via the constricting means,
the nozzle being disposed opposite the member whose
positiqn is to be sensed, and a second gas line,
connected to the first gas line between the nozzle
and said constricting means, and coupled to the
actuating means, the arrangement being such that,
if the member moves towards or away from the nozzle,
the gas pressure at said constricting means increases
or decreases respectively, causing gas to flow towards
or away from the actuating means via the second gas
line. ' .

3. A manipulating unit as claimed in claim 2,
wherein said constricting means comprises aﬁ orifice.

4. A manipulating unit as claimed in claim 2
or 3, wherein the actuating means comprises bellows,
which are connected to the second gas line to allow
the passage of gas into and out of therbellows, and
which abuts the member to cause movement thereof.

5. A manipulatiné unit as claimed in claim 2
or 3, wherein the actuating means comprises a pliable
capsule, which is connected to the second gas line <
to allow the passage of gas into and out of the capsule,

and which abuts the member to cause movement therebf. .
6. A manipulating unit as claimed in claim 5,

wherein the capsule is made of a synthetic rubber.

7.. A manipulating unit as claimed in claim 1,
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wherein the position sensing means comprises

electrical sensing means capable of sensing contact

forces between abutting members. '
8. A manipulating unit as claimed in claim 7,

5 wherein the electrical sensing means comprises at

least one strain gauge.
9. A manipulating unit as claimed in claim 7

or 8, wherein the actuating means comprises

electromagnetic means.
10
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