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[57] ABSTRACT

An electromagnetic fastener for manipulating objects in
space uses the magnetic attraction of various metals. An
end effector is attached to a robotic manipulating sys-
tem having an electromagnet such that when current is
supplied to the electromagnet, the object is drawn and
affixed to the end effector, and when the current is
withheld, the object is released. The object to be manip-
ulated includes a multiplicity of ferromagnetic patches
at various locations to provide multiple areas for the
effector on the manipulator to become affixed to the
object. The ferromagnetic patches are sized relative to
the object’s geometry and mass.

5 Claims, 2 Drawing Sheets
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1
ELECTROMAGNETIC FASTENERS

CONTRACTUAL ORIGIN OF THE INVENTION

The U.S. Government has rights in this invention
pursuant to Contract No. DE-AC07-76ID01570 be-
tween the Department of Energy and EG&G Idaho,
Inc.

BACKGROUND OF THE INVENTION

This invention relates generally to an apparatus and
method for manipulating an object or workpiece in a
space environment. More specifically, the present in-
vention relates to a robotic manipulator which uses the
magnetic attraction of various metals to grasp and re-
lease objects.

Advanced space projects will require various struc-
tures to be constructed in space. For advanced projects
such as exploring the planets or building a space station,
there will be a need for cargo boxes and other building
supplies to be used and manipulated in space. Construc-
tion techniques that minimize the amount of time and
number of people needed to perform the construction
will best serve this need.

Much of this construction requires only a simple
grasp and release technique of the objects to be manipu-
lated or constructed. Current designs for grasping such
objects for positioning or retrieval employ a dexterous
hand. For example, U.S. Pat. No. 4,921,293, discloses a
robotic hand having a plurality of fingers. While this
hand provides several degrees of freedom and allows
for complex manipulaticns, it may be complex and ex-
cessive for simple grasp and release processes.

Simpler grasp and release devices however, can also
be somewhat complex. U.S. Pat. No. 4,921,292 discloses
a magnetic attachment mechanism that interfaces with a
manipulator arm of a robot to grasp and release objects
in space using magnetic attraction forces. Permanent
magnets in a stator-rotor relationship enable an on and
an off position to attract or repel the object to be
grasped. The object to be grasped includes a ferrous
plate of magnetic material as well as a guide means
cooperable with a guide means on the attachment mech-
anism to guide the magnet to the object to be grasped.
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Since permanent magnets are employed, even in the off 45

position there are still magnetic attraction forces so the
arm must be pulled away from the object being grasped.

Simple grasp and release manipulations may be better
discharged by a less complex means requiring less so-
phisticated hardware and less skill and training to oper-
ate.

Accordingly, it is an object of the present invention
to provide an apparatus capable of simply grasping and
releasing objects in a space environment.

Another object of the present invention is to provide
a space-based manipulator which minimizes the amount
of time and the number of people needed to perform
grasp and release operations on objects in space.

Yet a further object of the present invention is to
provide electromagnetic manipulating means which
exploits the gravitational forces in space.

SUMMARY OF THE INVENTION

This invention includes an apparatus for manipulating
an object in space. The object to be manipulated has a
magnetically permeable area. An end effector is at-
tached to a robotic manipulating system and includes an
electromagnet such that when current is supplied to the
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electromagnet, the object is drawn and affixed to the
end effector, and when the current is withheld, the
object is released. The magnetically permeable area on
the object to be manipulated can include a ferromag-
netic patch which is sized relative to the object’s geom-
etry and mass. The object to be manipulated is provided
with a multiplicity of ferromagnetic patches at various
locations to provide multiple areas for the effector on
the manipulator to become affixed to the object. The
manipulator can also include solar panel covered arms
to supply power to the effector.

A method for manipulating an object in a space envi-
ronment can comprise providing a magnetically perme-
able area on the object to be manipulated; positioning a
manipulator having an end effector with a metal com-
plementary to the metallic patch toward the patch;
supplying an electric current to the end effector to
cause the object to be drawn and affixed to the manipu-
lator; and, deactivating the current in the end effector to
release the object.

DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features of the inven-
tion will become more apparent and be best understood,
together with the description, by reference to the ac-
companying drawings, in which:

FIG. 1 shows a depiction of an electromagnetic fas-
tening apparatus for manipulating an object in space in
accordance with the present invention; and,

FIG. 2 shows a diagram of a space construction sys-
tem employing the electromagnetic fastening apparatus
depicted in FIG. 1, and

FIG. 3 shows a detailed view of the electromagnetic
apparatus shown in FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, an electromagnetic fastener
system 10 in accordance with the present invention is
depicted. The system 10 includes an object 12 in space
that is to be grasped or manipulated. A plurality of
magnetically permeable areas 14 are located at various
places on the object 12. A space manipulator arm 20 has
an end effector 22. The end effector 22 includes an
electromagnet having a complementary metal to the
magnetically permeable areas 14 on the object 12.

It is preferred that the ferromagnetic areas 14 on the
object 12 be ferromagnetic patches. The patches attract
the complementary metal on the end effector when an
electric current is supplied. The patches are sized rela-
tive to the physical geometry and mass of the object 12.
The number of patches to be placed on an object 12 is
determined by both the load requirements and available
electromotive force source, both of which are applica-
tion dependant, as well as the object’s overall size, ge-
ometry, and the desired ease of the manipulation. AT
least one patch is required on each object, however, one
patch on each side of the object will facilitate and
quicken the positioning function. Objects which are
either quite wide or long may be best suited for several
patches along the long dimension to allow greater flexi-
bility in where the object can be grasped. The lack of
gravitational forces in space allows the metal to metal
surface area of the patches and the end effector to re-
main small compared to the object 12 being manipu-
lated. Preferred materials for the ferromagnetic patches
include rare earth ferromagnetic compounds, permal-
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loy, cobalt/iron compounds, garnets and preferably
magnetic amorphous films that are easily formed and
bonded to surfaces. The end effector 22 is preferably
made from a ceramic, a carbon/carbon composite, or
light weight aluminum alloy.

When electric current is supplied to the electromag-
netic effector 22 to energize the electromagnet, the
effector arm is inclose proximity to one of the ferromag-
netic patches 14, the attractive forces will bring the two
together: the object 12 is drawn and affixed to the end
effector. When the current is withheld or reversed, the
object is released. :

The space manipulator arm 20 can also include a
plurality of solar cells 24. The solar cells 24 can be used
as an additional power source to reduce the need to
electric power to the manipulator. It is preferred that
the arm 20 be constructed from a carbon/carbon com-
posite or a fiber reinforced aluminum to reduce mass.
The end of the manipulator arm 22 is the only compo-
nent of the manipulator having a ferromagnetic mate-
rial.

It is contemplated that the electromagnetic fastener
system 10 will be used as a component in a space con-
struction system, integrated with computer controlled
manufacturing and radar and transponder communica-
tions. Referring to FIG. 2, an electromagnetic space
construction system 20 is shown. The system 20 in-
cludes a robot 22 having an electromagnetic end effec-
tor 16 as described above. The robot 22 is also equipped
with a rechargeable power supply, 2 computer inter-
face, and a radar communications system. System 20
also includes a multiplicity of construction objects 24.
The construction objects 24 have a multiplicity of ferro-
magnetic patches 28 which are identical to the ferro-
magnetic patches 14 described previously. The con-
struction pieces may also be provided with bar codes
for identification and transponders for locational infor-
mation (both of which are not specifically shown). A
computer control system (not shown) enables an opera-
tor, who is either land based or spaced based, to instruct
the robot to perform the construction manipulation.

The integration of the components included in the
system 20 is initiated by the computer defining the envi-
ronment that the robot 22 will perform the task in,
identifying the objects 24 that the robot will need to use,
and instructing the robot 22 on where the objects 24
will be placed. The robot 22 determines its environment
using the transponders from known object locations and
triangulation. Objects 24 for the task are found through
the use of the transponders and are retrieved by the
robot. Once the objects are obtained by the robot using
the electromagnetic end effector 16, they can be assem-
bled as instructed by the operator.

This invention also provides means for robot propul-
sion through the construction system 20. The ferromag-
netic patches 28 can be used as “hand-holds”, allowing
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the robot 22 to move or crawl along a construction
member 24 by the supply of electrical current to the
electromagnetic end effector 16. When the current sup-
ply is reversed, the robot expels itself from a ferromag-
netic patch 28, and then reverses the current again to
attract itself to another patch 28 a short distance away.
Thus, if the objects are located along the path of an
already constructed segments, the robot can travel
across the segment using electromagnetic catch and
release techniques rather than valuable thruster power.

The foregoing description of the preferred embodi-
ment of the invention has been presented for purposes
of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form
disclosed, and obviously many modification and varia-
tions are possible in light of the above teaching. The
embodiment was chosen and described to best explain
the principles of the invention and it practical applica-
tion and thereby enable others skilled in the art to best
utilize the invention in various embodiments and with
various modifications as are suited to the particular use
contemplated. It is intended that the scope of the inven-
tion be defined by the claims appended hereto.

We claim:

1. An apparatus for manipulating an object in space
comprising:

a. a magnetically permeable area on the object to be

manipulated;

b. an end effector attached to a robotic manipulating
system having an electromagnet such that when
current is supplied to the electromagnet, the object
is drawn and affixed to the end effector, and when
the current is withheld, the object is released.

2. The apparatus of claim 1 wherein the magnetically
permeable area includes a ferromagnetic patch sized
relative to the object’s geometry and mass.

3. The apparatus of claim 2 wherein the object to be
manipulated includes a multiplicity of ferromagnetic
patches at various locations to provide multiple areas
for the effector on the manipulator to become affixed to
the object.

4. The apparatus of claim 3 wherein the manipulator
includes solar panel covered arms to supply power to
the effector.

5. A method for manipulating an object in a space
environment comprising:

providing a magnetically permeable area on the ob-
ject to be manipulated;

positioning 2 manipulator having an end effector with
a metal complementary to the metallic patch
toward the patch,

supplying a current to the end effector to cause the
object to be drawn and affixed to the manipulator;

deactivating the current in the end effector to release

the object.
* L I 2 *



