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1
SOLENOID GRIPPER

FIELD

The present disclosure relates to a gripper apparatus and,
more particularly, to an electric gripper with a solenoid acti-
vating mechanism.

BACKGROUND

Pneumatic actuated grippers exist in the field. However,
users of pneumatic actuated grippers seek electric alternatives
to the pneumatic for various reasons. Reasons for seeking
alternative actuators are lower energy costs and application
where pneumatics are undesirable or unavailable. One such
environment is a controlled clean room.

Electric grippers exist in the field. However, these electric
grippers are expensive and difficult to operate when com-
pared with their pneumatic counterparts. These add to the cost
and complexity of the grippers. Most electric grippers require
feedback devices and complicated control systems.

Solenoid driven grippers have been utilized in the past.
However, these grippers are problematic in that they create a
large heat build up. This is due to the fact that power is
continuously on in these solenoid grippers. That is, the sole-
noid magnetic coil always requires power to maintain its state
of full open or full close. Thus, these solenoid grippers gen-
erate a tremendous amount of heat. Thus, it is desirable to
provide an electric gripper that is as simple to control as a
pneumatic gripper and also has a comparable cost to the
pneumatic gripper.

The present disclosure provides the art with an electric
gripper that overcomes the deficiencies of prior art electric
grippers. The present gripper provides the field with an elec-
tric gripper that is locked in a first, full open, and second, full
close, position. The present disclosure provides an electric
gripper that is activated for a very short duration in both a
latching and unlatching direction. The present electric gripper
is of a simple construction and utilizes simple control logic.
The present disclosure provides an electric gripper that is held
in both its full open and full close positions when power is
terminated to the solenoid. Thus, no energy is required to hold
the gripper in both a first, full open, and second, full close,
position.

SUMMARY

In accordance with a first aspect of the disclosure, a gripper
comprises a housing with an associated solenoid plunger that
defines an axis. A pair of opposed jaws are movably mounted
with the housing. The jaws are movable towards and away
from each other. The jaws are coupled with the solenoid
plunger to provide movement to the jaws. A biasing mecha-
nism is associated with the solenoid plunger to lock the sole-
noid plunger in a first position when power is terminated to
the solenoid plunger. A permanent magnet is associated with
the solenoid plunger to lock the solenoid plunger in a second
position when power is terminated to the solenoid plunger.
The jaws are actively locked in an open or close position when
power is terminated to the solenoid plunger. The biasing
mechanism is a spring that, in its extended position, holds the
jaws in a closed or open position. The permanent magnet
holds the jaws in an open or closed position. A wedge is
coupled with the solenoid plunger and the jaws to facilitate
the to and fro movement. Additionally, a linkage can be
coupled with the solenoid plunger to facilitate the to and fro
movement to the jaws. The solenoid plunger is powered by a
pulse of about 10% to 20% of its duty cycle. The pulse is an
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2

alternating positive and a negative pulse to latch and unlatch
the solenoid that, in turn, opens and closes the jaws. The
permanent magnet is positioned along the axis at the bottom
of the plunger stroke.

According to a second aspect of the disclosure, the gripper
comprises a housing, a solenoid plunger, and a (first and
second) pair of opposing jaws. The jaws are movably
mounted with the housing and move towards and away from
each other. The jaws are coupled with the solenoid plunger to
provide movement to the jaws. A first mechanism is associ-
ated with the solenoid plunger to lock the solenoid plunger in
a open position, when power is terminated to the solenoid
plunger. A second mechanism is associated with the solenoid
plunger to lock the solenoid plunger in a closed position,
when power is terminated to the solenoid plunger. The first
mechanism is a permanent magnet. The magnet holds the
jaws in an open or closed position. The second mechanism is
aspring. The spring, in its extended position holds the jaws in
a closed or open position. A wedge is coupled with the sole-
noid plunger and the jaws to facilitate the to and fro move-
ment to the jaws. Additionally, a linkage may be coupled with
the plunger to facilitate the to and fro movement to the jaws.
The solenoid plunger is powered by a pulse of about 10% to
20% of its duty cycle. The pulse is alternated between a
positive and negative pulse to latch and unlatch the solenoid
which, in turn, opens and closes the jaws. The permanent
magnet is positioned along the axis of the plunger.

According to a third aspect of the disclosure, a gripper
includes a housing and a solenoid plunger associated with the
housing that defines an axis. The solenoid plunger is a pulsed
solenoid plunger. Power is terminated to the solenoid to lock
the plunger in a first and second position. A pair of opposing
jaws is movable mounted with the housing. The jaws are
movable toward and away from one another. The jaws are
coupled with the plunger to provide movement to the jaws.
Thejaws are in an open and closed position when the solenoid
is in the first and second positions.

The solenoid is powered by a pulse of from about 0% to
25% of'its duty cycle. The pulse is alternated between positive
and negative to latch and unlatch the solenoid that, in turn,
opens and closes the jaws.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples in this summary are intended for purposes of illus-
tration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implemen-
tations, and are not intended to limit the scope of the present
disclosure.

FIG. 11is aperspective view of a gripper on a robotic arm in
accordance with the disclosure.

FIG. 2 is a partial cross-section view of FIG. 1 along line
2-2 therein.

FIG. 3 isa partial cross-section view like FIG. 2 ina second
position.

FIG. 4 is a partially exploded view of the gripper of FI1G. 1.

FIG. 5 is a partial cross-section view like FIG. 2 of an
additional embodiment of the disclosure.

FIG. 6 is a partial cross-section view like FIG. 5 ina second
position.

FIG. 7 is a partial cross-section view of an additional
embodiment of the gripper.
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DETAILED DESCRIPTION

Turning to the figures, particularly FIG. 1, an electric grip-
per is illustrated and designated with the reference numeral
10. The gripper 10, mounted to robotic arm 15, includes a
housing 12, jaws 14 and gripping fingers 16. Additionally an
electrical socket 18 is illustrated that electrically couples with
a power source and controller.

A solenoid 20 is secured within the housing 12. The sole-
noid 20 is of the plunge type. The solenoid includes a winding
22 with an overall cylindrical shape and a bore 26 through its
center. A plunger 24 is slidably positioned in the bore 26. The
plunger 24 defines an axis of the solenoid 20. A permanent
magnet 28 is positioned along the axis of the plunger 24. The
permanent magnet 28 is secured by a fastener at the base of
the solenoid 20 at the bottom of the stroke of the plunger 24.
Thus, the permanent magnet 28 holds and locks the plunger in
position at the bottom of its stroke. A bracket 30 is mounted to
the coil 22 to couple it with the solenoid 20 and hold it in
place, via fasteners, with the housing 12.

The plunger 24 includes a clevis 32 with a pair of arms 34
that receive a pin 48 for holding wedge 36. A helical spring 38
is positioned about the plunger 24 between a clip 40 and a top
portion of the bracket 30. Thus, the spring 38 compress and
expands as the solenoid is pulsed between a first, latched, and
second, unlatched, position.

The wedge 36 has an overall rectangular configuration with
aplurality of slots 42, 44, 46. The slot 46 receives a pin 48 that
retains the wedge 36 on the plunger clevis 32. The pin 48 is
positioned through apertures in the arms 34. The slots 42 and
44 receive pins 52 to secure the wedge 36 with the jaws 14.
The slots 42 and 44 are angled with respect to an axis of the
rectangular wedge 36 so that as the plunger 24 is moved up
and down, the pins 52 in the slots 42 and 44 move the jaws 14
towards and away from one another. The jaws 14 are received
in a jaw body 60 that is provided with roller bearings 62 to
enable the jaws 14 to easily move in the body 60 towards and
away from one an other. Covers 64, 66 maintain the jaws 14
on the body 60. The gripper is shown with a pair of jaws 14;
however, it should be understood there could be more than
two jaws in the present disclosure.

An electrical power supply is coupled with the electrical
socket 18 of the solenoid 20. The solenoid 20 is a pulse type.
Accordingly, a power pulse is provided to the solenoid 20.
Ordinarily, the solenoid 20 receives power in a positive or
negative pulse fashion. The pulse time is from 0% up to 25%
of'the duty cycle. Generally, it is about 10%-20% of the duty
cycle. The duty cycle is defined as a percentage of time the
power is actually on versus the on time plus the off time.
Accordingly, the pulse time for a 10% duty cycle solenoid is
approximately 50 msec. The dwell time for the 10% duty
cycle solenoid is at least 450 msec. between the pulses. The
pulsing enables the plunger 24 to move between a first,
latched, and second, unlatched, position, as seen in FIGS. 2
and 3. In a first position, the plunger 24 is locked or latched in
position by the magnetic attraction between the plunger 24
and the permanent magnet 28. After the solenoid 20 is acti-
vated by a pulse, the magnetic force of the coil 22 overcomes
that of the permanent magnet 28 releasing the plunger 24
from the permanent magnet 28. As this occurs, the spring 38
expands moving the jaws 14 to a closed position. The pulse is
terminated and the spring locks the plunger 24 as well as the
jaws 14 in the closed position. Thus, the present disclosure
provides a power pulse to the solenoid that, in turn, provides
the gripper 10 with an active locked open and locked closed
position. When power is terminated to the solenoid 20, the
gripper 10 is in its held open or held closed position. Further,
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4

since the solenoid 20 is pulsed, excessive heat is not generated
by the solenoid 20. Thus, since the solenoid is not always
powered as in the prior art, it does not maintain an on condi-
tion with constant activation of the solenoid to hold the
plunger in an opened or closed position. Thus, the present
disclosure overcomes the adverse effects of the prior art elec-
trical gripping apparatus.

Moving to FIGS. 5 and 6, an additional embodiment is
illustrated. In FIGS. 5 and 6, the gripper 10' is substantially
the same as that previously discussed. Accordingly, the same
reference numerals are utilized to identify like features. The
difference between this embodiment and the first embodi-
ment is in the coupling mechanism between the plunger and
the jaws.

Here, a linkage 70 including a pair of links 72 and 74 is
coupled with the clevis arms 34 of the plunger 24. The other
end of the linkage 72 and 74 is coupled with the jaws 14.
Accordingly, as the plunger 24 moves axially between its
first, latched and second, unlatched positions, the two links 72
and 74 move the jaws 14 in the body 60 towards and away
from one another.

Turning to FIG. 7, an additional embodiment is illustrated.
Here, the embodiment is similar to that previously discussed
and thus the same reference numerals are utilized to identify
like features. The difterence in the present gripper 10" lies in
the apparatus for coupling the plunger 24 to the jaws 14.

Here, a double rack and pinion system is utilized. The rack
82 is coupled with the plunger 24. The rack 82 includes a shaft
with plurality of teeth 84 on both sides that mesh with pinion
gears 86. The pinion gears 86 are coupled with the jaws 14.
Thus, as the rack 82 moves axially between its two positions,
the pinion gears 82 rotate which, in turn, move the jaws 14
towards and away from one another.

It should be appreciated that while the jaws are illustrated
moving in a sliding fashion, an angular gripping jaw may be
used and thus provide a pivoting movement to the jaws.
Additionally, it is possible to modify the gripper so that the
spring locks the jaws in an open position while the permanent
magnet locks the jaws in a closed position. This is usually
done when the part is gripped on its inside, also known as ID
gripping.

The present disclosure has been described with reference
to the preferred embodiments. Obviously, modifications and
alternations will occur to those of ordinary skill in the art upon
reading and understanding the preceding detailed descrip-
tion. It is intended that the present disclosure be construed as
including all such alternations and modifications insofar as
they come within the scope of the appended claims or their
equivalents.

What is claimed is:

1. A gripper comprising:

a housing;

a solenoid plunger associated with said housing and defin-

ing an axis;

a pair of opposing jaws movably mounted with the hous-
ing, said jaws are movable toward and away from each
other, said jaws coupled with said solenoid plunger for
providing movement to said jaws;

a biasing mechanism associated with said solenoid plunger
forlocking said solenoid plunger in a first position when
power is terminated to said solenoid plunger; and

a permanent magnet associated with said solenoid plunger
for locking said solenoid plunger in a second position
when power is terminated to said solenoid plunger
wherein said jaws are actively locked in an open or
closed position when power is terminated to said sole-
noid plunger.
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2. The gripper according to claim 1, wherein said biasing
mechanism is a spring and in its extended position holds the
jaws in an open or closed position.

3. The gripper according to claim 1, wherein said perma-
nent magnet holds said jaws in an open or closed position.

4. The gripper according to claim 1, further comprising a
wedge coupled with a plunger of said solenoid plunger and
coupled with said jaws for facilitating movement from said
solenoid plunger to said jaws.

5. The gripper according to claim 1, further comprising a
linkage coupled with a plunger of said solenoid plunger and
coupled with said jaws for facilitating movement from said
solenoid plunger to said jaws.

6

6. The gripper according to claim 1, further comprising
powering said solenoid plunger with a pulse of between 10%-
20% of the duty cycle.

7. The gripper according to claim 6, wherein said pulse is
alternated between a positive and negative pulse for opening
and closing said jaws.

8. The gripper according to claim 1, wherein said perma-
nent magnet is positioned along said axis to magnetically

10 attach the plunger at a bottom of the plunger’s stroke.



