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(57) ABSTRACT

An amorphous robot includes a compartmented bladder
containing fluid, a valve assembly, and an outer layer
encapsulating the bladder and valve assembly. The valve
assembly draws fluid from a compartment(s) and discharges
the drawn fluid into a designated compartment to displace
the designated compartment with respect to the surface.
Another embodiment includes elements each having a vari-
able property, an outer layer that encapsulates the elements,
and a control unit. The control unit energizes a designated
element to change its variable property, thereby moving the
designated element. The elements may be electromagnetic
spheres with a variable polarity or shape memory polymers
with changing shape and/or size. Yet another embodiment
includes an elongated flexible tube filled with ferrofluid, a
moveable electromagnet, an actuator, and a control unit. The
control unit energizes the electromagnet and moves the
electromagnet via the actuator to magnetize the ferrofluid
and lengthen the flexible tube.
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5
fluid 15 through an outlet fluid port 24B to another com-
partment 13 as indicated by outlet arrow 32.
The transceiver 55 of FIG. 1A, which may be used in all

embodiments disclosed herein, may receive a set of control
signals 59 from a source 58. The control signals 59 may be,
by way of example, a set of mission control signals broad-
cast from a ground-based or an orbiting control platform.
Thus, the source 58 may be an orbiting module in remote
downlink/uplink wireless communication with the robot 10,
or the source 58 may be a conventional rover from which the
robot 10 is deployed.

For instance, a conventional rover may carry the robot 10
to a difficult to navigate terrain feature such as a rock-strewn
crater, deploy the robot 10, and communicate with the robot
10 as the robot 10 moves into the crater and performs a work
task. The robot 10 may periodically establish a communi-
cations link with the source 58, download program instruc-
tions for a particular task sequence to memory 52, execute
the instructions via the CPU 51, and repeat the process as
needed. Alternatively, all required instructions may be pre-
loaded in memory 52 to provide greater autonomy of action
by the robot 10 and/or to conserve the battery 57.

Referring to FIG. 2, locomotion of the amorphous robot
10 of FIG. 1 with respect to surface 11 is explained with
respect to a reference line 26 on the surface 11. When at
position "Rest 1" the robot 10 is adjacent to the reference
line 26. The valve assembly 22 of FIG. 1 is inactive, and
fluid 15 shown in the same Figure is about equally distrib-
uted within the various compartments 13. The pumping
stage (Pump) shown in FIG. 2 is entered when motion is
desired. As shown in FIG. 1A, the command signal (arrow
17) is transmitted to the pump 54. In response, the fluid 15
of FIG. 1 is drawn into the valve assembly 22 from a rear
compartment 13R as indicated by inlet arrows 30. This fluid
15 is then discharged into a forward compartment 13F as
indicated by outlet arrows 32, with the term "forward" here
used to mean "opposite the rear compartment 13R", and thus
the actual compartment 13F could be a side or rear com-
partment in an absolute sense. In other words, the actual
direction of motion will vary with the particular compart-
ment 13 being filled. As a result of filling the forward stage
13F, the mass of the robot 10 is displaced across the
reference line 26 in the direction of arrow 28.
At the recirculation phase (Recirculate), fluid 15 dis-

charged into the forward compartment 13F gradually returns
to the other compartments 13, 13R as indicated by flow
return arrows 34. This equalizing return flow occurs by
virtue of the pores 19 of the material 18 as shown in FIG. 1.
The diameter, number, and spacing of the various pores 19
may be selected to provide the desired rate of equalization
as noted above. Alternatively, the valve assembly 22 of FIG.
1 may be configured to allow fluid 15 to slowly flow back
through itself to the various compartments 13 at a controlled
rate. While pressure equalization is progressing, the asperi-
ties 20 of FIG. 1 continue to grip the surface 11 and thereby
hold the robot 10 in place. The robot 10 of FIG. 2 then settles
at a new rest position (Rest 2) forward of the original
reference line 26. The original rest position (Rest 1) is
indicated by trace 38. The above process can be repeated
from the new rest position (Rest 2).

Referring to FIGS. 3A-D, the amorphous robot 10 of FIG.
1 may be alternatively configured as an amorphous robot
110 having a vertically-oriented valve assembly 122. That is,
unlike the valve assembly 22 of FIG. 1 in which the axes of
the various fluid ports 24 are substantially parallel to the
surface 11, two of the fluid ports 24 of the valve assembly
122 of FIGS. 3A-D have a common axis 31 that is substan-

6
tially perpendicular to the plane of the surface 11 when the
robot 110 is at rest on a flat surface as shown in FIG. 3A. The
term "substantially perpendicular" in one embodiment refers
to a range of about 85° to about 95° with respect to the plane

5 of the surface 11. The robot 110 of FIGS. 3A-D operates in
much the same manner as the robot 10, but with a resultant
rotational/tumbling action.
The robot 110 is shown in FIG. 3A as it appears relative

to the reference line 26. A top compartment 13T is posi-
io tioned above the valve assembly 122, a bottom compartment

13B is positioned below the valve assembly 122, i.e., closer
to the surface 11 than the top compartment 13T, and side
compartments 13S are positioned on either side of the valve
assembly 122. Fluid 15 is contained within the bottom

15 compartment 1313, and at negligible levels in the respective
side and top compartments 13S and 13T. Thus, FIG. 3A
represents an equilibrium starting condition.

In FIG. 313, fluid 15 is drawn into the valve assembly 122
from the bottom compartment 13B as indicated by inlet

20 arrow 30. The fluid 15 is then discharged into a desired side
compartment 13S as indicated by outlet arrow 32. Fluid flow
into side compartment 13S fills the side compartment 13S
and empties the bottom compartment 13B. This causes the
robot 110 to surge forward a bit with respect to the surface

25 11 as indicated by arrow 28. In FIG. 3C, with the desired one
of the compartments 13S now substantially filled with fluid
15, the robot 110 begins to settle. The pumping action
ceases. FIG. 3D represents the new starting position, with
the robot 110 at rest a bit forward of its starting position

so represented in FIG. 3A. The process resumes with FIG. 3A,
with compartment 13S of FIG. 3D now becoming the
bottom compartment 13B of FIG. 3A.

Referring to FIG. 4, in yet another embodiment an amor-
phous robot 210 may include an elongated flexible inner

35 tube 40 disposed within a flexible outer layer 114. The outer
layer 114 may be similar to the outer layer 14 shown in FIG.
1, e.g., with similar materials and asperities 20 which grip
the surface 11. The flexible tube 40, which has first and
second closed ends El and E2, respectively, is filled with

40 ferrofluid 25 and is circumscribed by a moveable electro-
magnet 42, for instance a ring. A gap (arrow 61) is defined
between the inner tube 40 and the outer layer 114. Option-
ally, the gap (arrow 61) can be pre-pressurized with fluid or
an inert gas to help maintain a calibrated space or standoff

45 with respect to the electromagnet 42. This may facilitate
axial movement of the electromagnet 42.
In a particular embodiment, lightweight end magnets 55

may be positioned at or toward either end of the inner tube
40, with the inner tube 40 and the outer layer 114 being

5o aflixed to both of the end magnets 55. The end magnets 55
can act as mechanical stops to extreme motion of the
electromagnet 42 if needed, and can also provide an elec-
tromagnetic field whose polarity may be changed as needed
by a control unit 150 to thereby create a magnetic field for

55 assisting in the push-pull motion of the electromagnet 42, as
will be understood by one of ordinary skill in the art.
The electromagnet 42 and the end magnets 55 of FIG. 4

may be electrically connected to the control unit 150 and
positioned such that an inner surface 44 of the electromagnet

6o 42 is positioned adjacent to an outer surface 46 of the inner
tube 40. The control unit 150 may include sufficient memory
52 and a processor/CPU 51, along with a battery 57 and a
transceiver 55 as explained above with reference to the
control unit 50 of FIG. 1A. The control unit 150 may

65 selectively move the electromagnet 42 via an actuator 65 as
shown schematically in FIG. 4. As the outer layer 114 helps
insulate and encapsulate the electromagnet 42, rotating or
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350 may include a microprocessor or CPU 51, memory 52,
a transceiver 55, and the battery 57.

As with the embodiment shown in FIG. 1A, which applies
to all embodiments disclosed herein, a source 58 may
transmit signals 59 to the robot 410 of FIG. 7, with the 5

signals 59 received by the transceiver 55. The CPU 51 may
then execute mission instructions communicated via the
signals 59, or may download the same to memory 52 for
later execution. Thus, when the robot 410 of FIG. 7 is to
move in a desired direction, the CPU 51 can stimulate one io
of the cells 170 via transmission of a stimulus signal (arrow
95), as shown in FIG. 8. The shape of the cell 170 changes,
e.g., increases in size, such that the robot 410 tumbles in a
desired direction.

Because the gravitational pull toward surface 11 of FIG. 15

7 provides the motive force, a sensor pack 67 may be
provided, e.g., in each polymer cell 170, to identify the
position and orientation of cell 170. Sensor pack 67 may
include a gyroscope, accelerometer, and/or any other sensor
capable of determining, individually or collectively, the 20

position of one cell 170 relative to the surface 11 and the
other cells 170, and communicating the same as a position
signal (arrow 68) to the control unit 350. Thus, the control
unit 350 can determine the cell 170 having the optimal
position for activation. 25

The cell 170 identified as being the best candidate cell for
activation may be increased in size and/or changed in shape
such that the cell 170 with the temporarily increased shape
will fall toward the surface 11 and cause the robot 410 to
topple. The cells 170 can be connected to each other such 30

that movement of one cell pulls the other cells 170 in a
particular direction, or the cells 170 can be different portions
or regions of a single cell 170. In the latter embodiment,
conductors 93 may be implanted in the different regions of
the single cell 170 to provide the required response. 35

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims. 40

What is claimed is:
1. An amorphous robot for use on a surface, the amor-

phous robot comprising:
an elongated flexible tube having closed first and second

ends, wherein the elongated flexible tube is filled with 45

ferrofluid and has a longitudinal axis;
a moveable electromagnet positioned with respect to the

elongated flexible tube;
an actuator that is connected to the electromagnet and that

selectively moves the electromagnet; and 50

a control unit that is electrically connected to the move-
able electromagnet and to the actuator;

wherein the control unit alternatively:
energizes the electromagnet and moves the electromag-

net, via the actuator, in a first direction with respect 55

to the longitudinal axis to thereby magnetize the
ferrofluid to create a rigid clump of magnetized
particles of the ferrofluid at one of the closed ends of
the inner tube and thereby lengthen the flexible tube
in the first direction; and 60

de-energizes the electromagnet to thereby de-magne-
tize the ferrofluid and shorten the flexible tube in the
first direction, thus moving the robot in the first
direction with respect to the surface.

2. The amorphous robot of claim 1, wherein the electro- 65

magnet is annular and circumscribes an outer surface of the
elongated flexible tube.

10
3. The amorphous robot of claim 2, further comprising a

flexible outer layer which encapsulates the electromagnet
and the elongated flexible tube, wherein:

a gap is defined between the elongated flexible tube and
the flexible outer layer; and

the electromagnet moves through the gap.
4. The amorphous robot of claim 3, further comprising a

pair of end magnets positioned at either end of the elongated
flexible tube, wherein the control unit selectively activates at
least one of the end magnets to thereby assist in the
movement of the electromagnet through the gap.

5. The amorphous robot of claim 2, wherein the control
unit includes a transceiver in communication with a remote
source, and wherein the transceiver receives a set of control
signals broadcast by the remote source.

6. The amorphous robot of claim 1, wherein the ferrofluid
comprises a Brownian suspension of nanoscale ferromag-
netic or ferrimagnetic particles in an organic solvent.

7. The amorphous robot of claim 6, wherein the ferro-
magnetic particles comprise magnetite or hematite.

8. The amorphous robot of claim 1, wherein the actuator
comprises a motor, a motorized ball screw, a linear actuator,
cables, or smart material.

9. The amorphous robot of claim 8, wherein the smart
material comprises a shape memory alloy (SMA) wire.

10. The amorphous robot of claim 1, wherein the actuator
consists of a shape memory alloy material.

11. An amorphous robot for use on a surface, the amor-
phous robot comprising:

an elongated flexible tube filled with ferrofluid and having
a longitudinal axis, and having closed first and second
ends such that the ferrofluid is contained within the
elongated flexible tube;

a moveable electromagnet positioned with respect to the
elongated flexible tube;

a flexible outer layer which encapsulates the electromag-
net and the elongated flexible tube, wherein a gap is
defined between the elongated flexible tube and the
flexible outer layer; and the electromagnet moves
through the gap;

an actuator that is connected to the electromagnet and that
selectively moves the electromagnet; and

a control unit that is electrically connected to the move-
able electromagnet and to the actuator;

wherein the control unit alternatively:
energizes the electromagnet and moves the electromag-

net, via the actuator, in a first direction with respect
to the longitudinal axis to thereby magnetize the
ferrofluid to thereby create a rigid clump of magne-
tized particles of the ferrofluid at one of the closed
ends of the inner tube, and to thereby lengthen the
flexible tube in the first direction; and

de-energizes the electromagnet to thereby de-magne-
tize the ferrofluid and shorten the flexible tube in the
first direction, thus moving the robot in the first
direction with respect to the surface.

12. The amorphous robot of claim 11, wherein:
a gap is defined between the elongated flexible tube and

the flexible outer layer; and
the electromagnet moves through the gap.
13. The amorphous robot of claim 12, wherein the control

unit includes a transceiver in communication with a remote
source, and wherein the transceiver receives a set of control
signals broadcast by the remote source.

14. The amorphous robot of claim 13, wherein the actua-
tor comprises a motor, a motorized ball screw, a linear
actuator, cables, or smart material.
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15. The amorphous robot of claim 14, wherein the smart
material comprises a shape memory alloy (SMA) wire.

16. The amorphous robot of claim 13, wherein the actua-
tor consists of a shape memory alloy material.

17. An amorphous robot for use on a surface, the amor-
phous robot comprising:

an elongated flexible tube filled with ferrofluid and having
a longitudinal axis, the elongated flexible tube having
closed first and second ends;

a moveable electromagnet positioned with respect to the
elongated flexible tube;

a flexible outer layer which encapsulates the electromag-
net and the elongated flexible tube;

an actuator that is connected to the electromagnet and that
selectively moves the electromagnet; and

a control unit that is electrically connected to the move-
able electromagnet and to the actuator, wherein the
control unit comprises a transceiver in communication
with a remote source, and wherein the transceiver
receives a set of control signals broadcast by the remote
source;

wherein the control unit alternatively:

12
energizes the electromagnet and moves the electromag-

net, via the actuator, in a first direction with respect
to the longitudinal axis to thereby magnetize the
ferrofluid to thereby create a rigid clump of magne-

s tized particles of the ferrofluid at one of the closed
ends of the inner tube, and to thereby lengthen the
flexible tube in the first direction; and

de-energizes the electromagnet to thereby de-magne-
tize the ferrofluid and shorten the flexible tube in the

10 first direction, thus moving the robot in the first
direction with respect to the surface.

18. The amorphous robot of claim 17, further comprising
a pair of end magnets positioned at either end of the
elongated flexible tube, wherein the control unit selectively

15 activates at least one of the end magnets to thereby assist in
the movement of the electromagnet through the gap.

19. The amorphous robot of claim 17, wherein the actua-
tor comprises a motor, a motorized ball screw, a linear
actuator, cables, or smart material.

20 20. The amorphous robot of claim 19, wherein the smart
material comprises a shape memory alloy (SMA) wire.
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